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WAS THE 
DANGER 


UPPOSE you were a drop forger with years of experience in all types of 

’ automotive forgings. And suddenly you ran into serious trouble — upset 
forgings breaking badly on the inside. What would you do? 

Not long ago a well-known drop forger encountered just this problem. 
A telegram to Republic ... and the next morning three Republic Metallur- 
gists checked in the plant, donned overalls and went to work. 

Hour upon hour these denim-clad metallurgists — practical drop forgers, 
all of them—stood at the hammers. Apparently the forging practice was 
all right. Likewise, heat-treating practice seemed O. K. But these men 
were there to find the trouble. 

Selected bar stock was heated and worked at various temperatures — 
with the aid of optical pyrometers. At 2200°, 2250°, 2300°, the stock forged 
perfectly. At 2350° and 2400° things began to happen—breakage occurred. 

Another job whipped! Forged at 2250° to 2300°, breakage disappecred. 

A few days more — just to make sure the job was really whipped—and 
Republic Metallurgists moved on to the plant of an automobile manufac 
turer who was having trouble determining the right roller steel for a free 


wheeling unit— but that’s another story. 


| Data of help to every 


buyer and user of alloy 
steels is contained in EPL BE IC STEE 
the new edition of the thee : 
Agathon Alloy Steels ‘, R OR 4 
Handbook. Write for Marston, 


a copy 
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TIMKEN 


NICKEL 
MOLY 


STEELS 


with GRAIN SIZE 
CONTROL 


for better RING GEARS 
99 99 


PINIONS 
” TRANSMISSION GEARS 
9 ” DIFFERENTIAL GEARS 
TRANSMISSION SHAFTS 
PISTON PINS 
KING PINS 


Years of experience in automotive steel engineering have shown that Timken 

— nickel moly steel completely meets these exacting requirements. By using 
this nickel moly steel, made under the Timken system of quality control, you 
are assured of these many definite advantages that mean better parts—uni- 
formity of chemical properties; controlled grain size; excellent machinability: 
less distortion in hardening; uniformity of physical properties. Write for 
complete information. 


THE TIMKEN STEEL AND TUBE CO., CANTON, OHIO 
Detroit Chicago New York Los Angeles Boston 
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Eliminates Uncertainty 


in Selecting ALLOY STEELS 


There are so many alloy steels to choose 
from that selecting the best to use in your 
equipment is not an easy matter. If you are 
trying now to determine which of the many 
alloy combinations can best meet your 
needs, the unique assistance that Electromet 


offers may be just what you are looking for: 


As the pioneer producer of ferro-alloys 
and metals for steel makers, Electromet has 
available, and will furnish without charge 
and without bias in favor of any one compo- 
sition or producer, the facts you need to in- 
sure utmost returns from your investment 
in alloy steel. Before you write your speci- 
fications, take advantage of this service. It 
may save you money and disappointment. 


Write today for complete information. 


Electromet 
Ferro-Alloys Metals 


ELECTRO METALLURGICAL SALES CORP. 


Unit of Union Carbide and Carbon Corp 


UCC 


Carbide & Carbon Building, 30 East 42nd Street, New York, N.Y. 
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About the authors 
im this 


issue 


ME, PROGRESS is indebted to Ludlum 


Steel Co. for the inspiration and much of the 
material used on this month’s cover. The pho- 
tograph is one of a series taken for Ludlum by 
Miss Margaret Bourke-White, and the layout is 
an adaptation of a very attractive brochure of 


photographs issued by the company. 


On page 19 W. Cepertear and W. EF. 
Sanpers describe their investigation on the 
effect: of density in forgings. Mr. Cederleaf, 
works manager of Muncie Products Division, 
General Motors Corp., was born in Sweden but 
came to this country at the age of three. His 
industrial experience has been unusually broad. 
Mr. Sanders is plant and metallurgical engineer 
for the same organization. He joined Muncie 
Products Division in 1919 as electrical engineer 
and was successively appointed chief electri- 
cian, plant engineer, and finally his present 


position. 


Powdered metals, described on page 32 by 
Cuartes Harpy, have interested Mr. Hardy for 
some time. Mr. Hardy was born in Schleswig- 
Holstein and studied in Germany, London, and 
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W. Cederleaf W. Sande: 


R. Shepherd 


Columbia University, New York. An article on 
calcium from his pen appeared in the April 


issue of this magazine. 


J. Bo. Neatey discusses aluminum forging 
on page 13. Articles by Mr. Nealey have ap 
peared in American technical publications for 
some time, as for a number of vears he has 
described plants and processes as part of his 


work with the American Gas Association. 


A director of the Society, Ben F. Suernenn, 
chief metallurgist of the Ingersoll-Rand Co., 
has contributed to the correspondence columns 
this month. Mr. Shepherd has been with his 
company since 1911 and has been active in the 


AS.S.T. since its organization. 


Metallurgical developments in France are 
described every month by M. 
distinguished French engineer and metallurgist, 
who has published about 250 articles on metal- 
lurgy during his career. His work as teachie! 
of metallurgical subjects and as consulting en 
gineer to many prominent European firms has 
made him well known at home and abroad. 
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? 
4. M. Portevin 


CHAMBERSBURG, PA. 
NEW YORK, 152 West 42np St. 


NATIONAL MACHINERY COMPANY. TIFFIN, OHIO 


STRENGTH and QUALITY 


RESULT FROM 


Density Forgings 


js National High Duty Forging 
Machine with its great stiffness, 
power, accuracy of alignment under 
pressure and ability to make min- 
imum weight forgings, gives the 
density which makes for quality and 
low cost in the manufacture of 


forged parts. 


The recognition of these advan- 
tages is evidenced by the predom- 
inance of The National High Duty 
Forging Machine in the modern 


forge shop. 


A National High Duty 
Forging Machine 


National High Duty Forging Machines are sold by 
CHAMBER SBURG-NATIONAL 


COMPLETE FORGING Pr Ent 


TIFFIN, OHIO 


CHICAGO, 565 West WASHINGTON Sr. DETROIT, 2457 Woopwarp AvENUE 
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Sorength, endurance, machinabélity, demanded of modern 
Photo by R. T. Dooner for Autocar 


castings and forgings 


be 


gear forgings 


By Fred W. Cederleaf 
and W. Sanders 


Mr. Cederleaf is works mana- 
ger and Mr. Sanders is plant 
and metallurgical engineer of 
Muncie Products Division of 
General Motors Corp. This 1s 
a shortened version of a paper 
read before the inaugural meet- 
ing of Muncie Chapter, A S 
S.T., and at the June meeting 
of the Machine Shop Practice 
Division, A. S. M. E. 


ard out of the line. When 


“somebody slips” and be- 


are machinable low-standard parts are 


accepted the manufactur- 


ing departments would 


a nd d { { fight the excessive cost, 
al e the metallurgical depart- 


I. ANY PLANT manufacturing duplicate 
parts, the few forgings or castings that are be- 


low the average determine surface speeds and 


tool feeds. The minority, not the majority or 


the average, rules, 

The reason for this is obvious. Setup time 
is expensive; changing tools costs money. The 
nore pleces per setup, the less cost per piece. 
these few culprits, below the average, can 
wreck the setup on every machine in the line 
and at the same time burn the edge of the cut- 
ting tools. 

It would be better to set feeds and speeds 
for parts having the least degree of machin- 
ibility. Due to the demand that the shop re- 
duce labor costs, we keep reducing the standard 
‘ime and increasing the output per machine and 
fepend on the receiving inspection department 
nd the metallurgical laboratory to keep forg- 


gs and castings that are not up to the stand- 
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ment would check and 

analyze, the purchasing 

department would call in 

the sources of supply and 

finally things would again 

resume their normal pace. 

This) procedure has 

heen going on ever since 

we can remember, but the 

variation in machinability 

is still with us; also we succumb to the temp- 

tation to set feeds and speeds to the maximum 

rather than to the minimum, It is obvious that 
uniform machinability is of vital importance. 

Machinability of gear forgings is of even 
more importance. The extra pounding or pres- 
sure exerted by a hob in its effort to cut gear 
teeth in below-par forgings, sets up a strain on 
the tooth profile. These strains are released 
when the gear is hardened, the steel changes 
shape and produces an involute that is so far off 
that absolutely unacceptable noise is produced 
in an automobile transmission. 

The above is a description of the ocecur- 
reneces that started this research, about two 
vears ago. The shop encountered difficulty in 
machining gear forgings, vet the metallurgist 
reported nothing wrong with the steel, analysis 


up to specification, hardness O.K.. and grain 


structure correct. 
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To check against the shop report, three 
truck loads of forgings were delivered to a lathe 
hand in the tool room. He picked out the ones 
that machined O.K. without any difficulty what- 
ever. The shop then finished approximately 40 
gears per hob-grind on the forgings the lathe 
hand had set aside as good and 2 to 5 gears per 
hob-grind on those he had picked as being difli- 


cult to machine. 


Samples were then sent to several other 
metallurgical laboratories. It was very defi- 


nitely noticed that the complete section from 
the gear blank that machined well could be cut 
with one hack saw blade, while three hack saw 
blades were necessary for the others. In spite 
of this, the reports all agreed that any observed 
difference Brinell 
count for the difference in machinability, and 
that the specimens 


showed lamellar pearlite and free ferrite, an 


in hardness would not ac- 


microstructure of these 
“annealed structure which is generally accepted 
to be best for machining.” 


Various suggestions were made as to how 


to remedy the trouble. One recommended 
keeping forgings from each heat separate 


through the shop and varving the annealing 
treatment and cutting practice. Another was to 
revamp the annealing cycle, and give a 1650) F, 
The third believed that the 
of 
preferably be in the neighborhood of 0.90%, 
rather than on the high side of the O.80 to 1.10°, 


soak at the first. 


chromium content these 5150 steels should 


range. 
One that 


trouble lay in our inability to select the proper 


would therefore conclude the 


annealing cycle to suit the different heats of 
steel we could expect te receive under the speci- 
fications in foree. This, of course, was con- 
firmed by the mill representative, who stated 
that if we would leave the annealing evcle alone 
it, this 


This we were unwilling to do, for this 


after he set we would not run into 
trouble. 
cycle had been set by him some months previous- 
lv and had worked reasonably well in the in- 
terim. Besides, we didn’t know which way to 
change it if we would. 

In our search for a quick machinability test 
on annealed forgings, we found that two prin- 
ciples had been worked on; one used a cutting 
tool until it failed to machine, 


measured the pressure between work and tool. 


and the other 
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Measuring the Machinability 


However, neither method had been de- 
veloped for shop use, so we tried another t),a{ 
appeared to be simple and positive: A standard 
Brown & Sharpe fly cutter arbor was used in a 
horizontal milling machine. Into this arbor was 
fastened a fly cutter having one cutting edge (hy 


full width of the tool; the latter measured *, j; 


square by Sin. long. It was ground to a standard 
clearance angle but without rake, and measured 
from cutting edge to back of tool. A forging to 
be tested was clamped in the milling machine 
vise. A predetermined feed, speed, and depth 
of cut was used, the tool traversing the total 
length of the 8-in. specimen. This tool was 
then the 
optically, the amount of wear on the cutting 


checked 


found from similar specimens 


removed, cutting profile enlarged 


and against values 


edge computed 
of known ma 
chinability. In order to prevent breaking down 
the corners of the tool (which would happen if 
we would cut a groove through the forging) the 
specimen was machined in such a way as to 
present to the cutting edge of the tool a surface 
which was less in width than the tool. 

At the outset of this particular investigation, 
and before the above-mentioned test was made, 
men were into different departments to 
count the number of pieces per grind and note 


While this was going on, a group of 


put 


the finish. 
175 


(which were under in length) were returned to 


machined cluster gear forgings 


partly 
the forge shop, reheated to 1800° F. more or 
less, restruck by a board hammer and re-an- 
nealed. It that 
proved in machinability by approximately 30' 


was noticed these were im 
This suggested two causes, (a) that the im 
provement was due to the added heat treat 
ments, or (b) that the gear, while expanded by 
heat, was struck and the metal compressed. 

At the same time we were drilling and 
broaching some 3.5‘. nickel gears. Some showed 
a very smooth finish in the hole, broaching with 
considerably more ease than some others in the 
same lot. Some would tear badly in the drill 
ing. The hydraulic broach would pull very un 
evenly, showing that greater energy was re- 
quired to pull the broach through; the hol: 
would be torn and very rough, as shown in the 


left hand figure, opposite. 
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Qne important difference may be noted. 
ne of these forgings had round corners while 
ers had square corners. This suggested a 
erence in the way the die was filled at the 
ne the piece had been forged. Pursuing this 
a we selected many round-cornered, or un- 
filled, pieces; they always produced a torn con- 
dition in the finished hole, but when machining 
the square-cornered, or filled, pieces we ob- 
tained a very smooth surface in the hole. 
These two findings pointed to the necessity 
of studying forging practice if we were to get 
to the bottom of the problem, and gave us some- 


thing definite to work on. At the same time we 


were busy in the laboratory, studying the struc- 
ture of the gears, and were struck with the dif- 
ferences in the etched cross sections, not only in 
pieces from different heats (S.A.E. steels 2320, 
115, STAO, 1315, 3110, 3240, 2515 and 2520 were 
studied in this research) but in forgings from 
the same heat. 

Deep etched specimens have been studied 
by many. The appearance is usually thought to 
be associated with the quality of the steel, the 
etching pattern being determined by the amount 
and nature of non-metallic substances present. 
With this the authors cannot quite agree. Two 
steels, of the same analysis and having approxi- 


mately the same amount of non-metallic im- 
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purities, may etch in an entirely different man- 
ner after forging. 

We believe that these “pock marks” de- 
veloped by deep etching represent voids) or 
cavities in the metal. On a milled surface, a 
thin film of metal covers these minute cavities; 
the acid attacks this thin film as well as the less 
dense metal in the cavity, inereasing its size 
greatly. 

The location, nature, and extent of these 
voids or cavities, as brought out by the etch test, 
determines the degree of density in any forging. 
Our theory is, substantially, that in forging it is 


possible to produce internal slipping or tearing 


Dritted and 
Broached Holes in 


\ Gear Forgings. 
Pieces [rom same 


| lot show wide dif 
ference in condi 
lion of surface 
when machined 
under equivalent 
conditions 


of the fibers in the steel, and the largest per- 
centages of openness or coarseness shown by 
etching are due to torn fibers. 

Having observed a large number of forg- 
ings in which the porosity was almost negligible, 
even after long etching, and others wherein it 
was quite pronounced and quickly developed, 
the authors were inclined to associate these 
conditions with the other variables in machin- 
ability discovered in the machine shop. 

After an investigation of forge shop opera- 
tions we found we must maintain a higher tem- 
perature, namely 2150 F. for S.A.E. 5140, and 
this must not vary more than 100° F.; the dies 


must be properly designed to avoid a flash 
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Vetal in Upset Dises, Re- 
heated and Hammered, Is 


Condensed — by tdditional 
Work. Top disc has two re- mizes the compression on the metal in subs: 


which takes the brunt of the blows and mini- 


heatings and 30 blows; mid- quent operations. In upsetting machines th 
dle 3 and 45; lower 4% and 
60 blows by a board ham- 
mer. The machinability the heading tool. 
increases with the density 


Nash should preferably be longitudinal with 


After correcting dies and forging temper 
atures, machinability markedly improved. ‘Thy 
next thing was to determine whether anvthing further could be accom. 
plished by compression of the metal, because as far as could be determined, 
the only effect of proper heating was a satisfactory flow of the metal to 
fill the die. 

Some pieces were therefore upset, reheated and struck 15 blows by a 
board hammer. The flash was ground cff several of these pieces; they wer 
reheated and again put under the hammer and the same operations r 
peated a third and fourth time. It was found that repeated hammering o1 
compressing of the metal correspondingly improved the machinability. Th 
pieces which had been repeatedly heated and hammered, showed upon 
etching that the original cavities had not been entirely closed. There was 
evidence of adhesion at the cavity surfaces, but not cohesion. Representa 
tive macrographs are shown on this page. 

Our next thought was to discover what characteristic of the steel prior 
to forging produces more ductile fibers, and thus promotes flow of | the 
metal without tearing. What is the relative effect of coarse and fine grain? 

A bar of carbon, 1.0%) chromium steel was selected. It had a 
medium fine structure in the rolled condition. Some forgings labeled .1 
were made from one end of this bar; the balance was cut into suitable 
lengths and furnace cooled after soaking for one hour at 1650) FP. Half of 
these were then upset into the same forging, and labeled BB. The balance: 
were reannealed at 1750) F. and upset (labeled (©). Microscopic specimens 
showed the structure to be coarsened considerably after each anneal. 

The three groups of the forgings were then cut and etched. There was 
a progressive decrease in the amountof torn fibers, and a like increase 1p 
the continuity of the flow lines from A to Bto ©. The increased density o! 
forgings B and © made it necessary to etch them 10 min. longer to bring ou! 
the flow lines. 

In view of these findings, it was thought advisable to investigate a va 
riety of steels having different MeQuaid-Ehn grain sizes. Arrangemen!s 
were therefore made with the steel companies to furnish a few bars haying 
grain size ratings from t (coarse) to 9 (very fine). These bars were heated 
to 2100) F. and different sized upsets were made on the end of the ba: 
ratios from 1's to Ll up to 7 to Lin 10) steps. It was noted that the coars 


grained steels were more ductile and did not tear in the upset! 
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le more porosity developed in the finer 


ned steel. 


It was also discovered that the coarse 


in not only affords greater density when 


set but also permits piercing of smaller 


les of greater depths or lengths. 


A larger quantity of steel was then made 


the coarse grain variety, graded at 4 to 6, 


d forgings were made into test gears. It 


was noticed that the inner structure of the 


Forging 
Sheared 


"end! 


and 


extra 


fen 


tis From a No. 7 Grain Steel; Fibers 
Diagonally 
rner. Middle and bottom forgings B and C were 
le after grain size was coarsened (by annealing 
to 6 and 5 respectively. They have pro- 
essively less rupture, flow lines are better de- 


metal at 


minutes 


hub 


was 


Upward From Lower 


has greater density. 
required in the etch 


forgings had been materially improved but there 
was still some evidence of torn fibers. We then 
began to consider the ingot size, recognizing the 
fact that a smaller ingot, with less fibers over a 
given area to be controlled or made ductile, might 
lead to further improvement. To substantiate this, 
arrangements were made to have a test run on 
steel of coarse grain, namely 4 to 6, cast big end 
up in different sized ingots. The ingot molds were 
all fluted, of the Gathmann type, with hot tops. 

One heat of steel was cast into 12, 17, 19, 20 
and 21-in. ingots and another heat in 23, 26 and 
28-in. ingots. Bars, rolled from each of these in- 
gots, were upset and tested as described above. 
The best results were obtained with a 4 grain size 
from a 19-in. ingot. Further to confirm the results, 
a large quantity of gear sets was forged from the 
last mentioned steel for annealing, machining, 
hardening and dynamometer tests for durability. 

Being fully aware of the more or less preva- 
lent ideas that tine grained steels are practically 
the same as coarse grained steels in vield point, 
tensile strength and clongation, but that fine 
grained steels are tougher, have higher impact 
values, less distortion in heat treatment, and wider 
hardening ranges, we naturally proceeded with 
this research on grain of steels very cautiously. 
Pieces were machined, and, teeth being cut, they 
were put on the “red line test” before and after 
hardening to determine change in shape.  Re- 
peated tests showed distortion to be uniform and 
it could be allowed for in the cutting. 

To quote C. H. Stanard, our gear supervisor: 
“Since we have been getting forgings with greater 
density we have maintained an accuracy of contour 
on hobbing machines within 0.00025 in. When they 
come out of the fire, we can expect about 0.0004 
to O<.0005 change contour and no apparent 
change in spacing. Gears going to the fire with 
concentricity less than O.001 return with 

“A great deal of deformation is caused by cold 
working of the metal when the hob loses its keen, 
sharp edge. In going through the fire the strain 
is relieved and the portion cold-worked will rise 
above the other portion of the profile. As the por- 
tion around the point of the hob tooth removes the 
most stock, it is important that the metal being 
cut be dense and not cause undue wear at this 
point, as this portion forms the flanks of the teeth, 
their most sensitive area, and the most difficult to 


correct by burnishing or lapping.” 


23 


“4, 
| 
; 
¥ 
-Y, 1932 = 
be 
| 
td 


~ 


Improper Forging Causes Poor Microstructure after 
Anneal, Undisturbed bar has uniform pearlite; upset 


‘ , than those on the gears from unfilled forgings 
portions have excess ferrite and are hard to machine : 


Average temperature rise 15-min 
working interval for each transmission was 
Some dynamometer tests were run on four 


Unfilled, No. 1 146 F 

assembled transmissions mounted on fan dyna- Unfilled. No. 2 159° F 
mometers; 10-hp. loads were applied with the Filled, No. 1 116° F. 
Filled, No. 2 126° F 


transmissions in second gear and operated for 


15-min. intervals. Between intervals they were Transmissions made from filled forgings o}) 


allowed to cool while the wearing surfaces of 
the gears were examined. Examination of 
these gears, after they finally broke down, dis- 
closed that the surface pits on the gears made 


from filled forgings were considerably smaller 
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erated at higher efliciencies because of less f! 
tional losses. 

All four transmissions were operated 
outlined above until a breakdown preven! 


further testing. One or more teeth broke out 


METAL PROGRE 


4 
is 


we 


Properly Forged and Compressed Steel of Coarse 
Grain Size Anneals Uniformly in All Sections. No 
fibers are torn, even by the deep piercing operation 
and all machining operations are greatly improved 


the second speed countershaft gear in each one. 


lotal number of hours before breakdown was: 


Untilled, No. 1 80 hr. 
Unfilled, No. 2 70 hr. 
Filled, No. 1 126 hr. 
Filled, No. 2 128 hr. 


These hours are equivalent to like numbers 


in thousands of miles of service. It may there- 


ire be safely concluded that gears from filled 
rgings excelled the others in hours operated 
efore granulation and pitting, in cooler opera- 
on, higher efticiency, and longer total life. 
Another of the dynamometer tests, in which 
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the horsepower was built up to approximately 
300, tore out teeth on the sliding gear in a sug- 
gestive manner, and we thereupon investigated 
the impact strength of the gear teeth. 

In this test the gear is clamped in a fixture, 
an anvil is placed on a tooth of the gear and a 
10-Ib. hammer is’ tripped from increasing 
heights until the tooth is broken out. The ap- 
paratus is quite similar to the one deseribed by 
Fred ©, 
Testing Fixtures,” Merat Progress, March, 1951. 


Raab in “Brown-Lipe-Chapin’s Gear 


The tooth nearest the torn section broke out 
with a 2-in. drop of the hammer, while the 
tooth on the opposite side broke out with a 48- 
in. drop. Investigation of the gear blanks dis- 


closed that the forgings showed less compres- 
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sion or density on one side than on the opposite 
side. The cone, formed in the first upsetting 
operation, was eccentric to the bar, and one side 
of the gear blank failed to fill the die because 
of this unequal distribution of metal. All of the 
evidence supports the conclusion that highly 
compressed metal makes better gears. 

We will now endeavor to show the marked 
superiority of the improved forgings over the 
old type in their response to standardized an- 
nealing treatments. A hump furnace was filled 
with forgings of a given type, heated to 1600) EF. 
and allowed to cool in the furnace. Three such 
loads of unfilled or porous forgings produced a 
cooling curve with a very short hump at Ar, 
while the humps for the furnace-loads of filled 
forgings (a more dense material) are consider- 
ably longer and approximately 40) higher. This 
shows that the decomposition of the austenite 
into pearlite takes place at a higher temperature 
and takes a longer time. 

In an additional study of the reason for the 
material being irresponsive to the annealing 
treatment, a cluster gear forging taken from the 
center of the discharging load from the anneal- 
ing furnace was sawed through the center and 
etched. The center boss which forms the idler 
gear, shows the fibers to be torn and open, less 
compressed than the two upsets on either end. 

The fibers of the steel upsets on both the 
ends have been torn probably as much as the 
fibers in the center, but the greater compression 
has effected some adhesion. 

Photomicrographs were then taken (page 
20) representing the various sections of this 
cluster gear, and show clearly the non-uniform 
response of the less dense or porous sections to 
the annealing treatment. The upsets show 
islands of massive ferrite, a very poor structure 
for machinabilitvy. The sections of the bar 
which were undisturbed in forging exhibit a 
fairly uniform structure of lamellar pearlite 
with very small islands of free ferrite, a more 
suitable structure for machinability. These 
structures seem to prove definitely that the sec- 
tions of the cluster which were disturbed in 
forging do not readily respond to the anneal. 

For comparative purposes we then made a 
similar analysis of one of the improved cluster 
gear forgings made from steel having a No. 4 
grain size rating. Micrographs were taken in 
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comparable positions and show. structures 
quite alike, indicating a very uniform respo 
of the entire forging to the annealing treatm: 
This uniformity is no doubt the result of | 
more dense structure produced by the pres: 
upsetting methods applied to coarse grain stec!. 

In this research we have proven, we think 
bevond a doubt, that these cavities or voids 
which affect machinability are due to a spongy 
metal at the cutting edge of the tool. The too! 
has double duty to perform, (a) closing the 
cavities with adjacent metal so that it) has 
proper backing, and (b) cutting. After cor- 
recting the forging practice we found an im- 
provement in machinability of 50°. to 4006. de- 
pending on the operation. Speeds and feeds 
had been increased 10°, to 60°,, and tool life 
was increased in like proportions. 

We have selected as an example the cutting 
of gear teeth on the gear hobbing machines 
showing the number of pieces per shift of hob, 
the hob having four shifts per grind. The fol 
lowing table compares machining results today 
with the results obtained a year ago. At that 
time the steel was purchased without grain siz 
specification and no precautions were taken in 
forging to develop increased density. 


Pieces pen Suter or Hor 


Part Name December 1931 December 1930 
M. D. Gear 33 27 
Second Speed 35 24 
Sleeve 14 8 to 10 
Low Slider 70 60 
Cluster «17 tooth) 35 20) 
Cluster (20 tooth) 30 20 


All are finished in one cut with 0.060 feed 
per revolution of blank. 

In addition to this improvement in machin 
ability we might add that the overall tool cos! 
has been reduced from &te to de per unit. 

In summary, we have found that we can 
produce a denser forging in all our gear steels 
by using coarse grained steel, accurate tempe! 
ature control and correctly designed dies. Suc! 
dense forgings anneal more uniformly and ma) 
be machined at greater feeds and speeds, eve! 
while reducing the tool costs nearly half. Thes: 
machined gears respond uniformly to hardet 
ing, the change in volume being predictabl: 


Dvnamometer tests indicate an increased life ©! 


o0°,, marked decrease in pitting and granule 


tions, and a stronger, smoother and quieter gea! 
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Wi anufacture of 


high strength 


IRCUMSTANCES surrounding the break- 
age of wire at low load in the main cables of 
two important suspension bridges were de- 
scribed in the last issue of Mera ProGress and 
it was concluded that the trouble was not due 
to abuse during erection. No breakages occurred 
during spinning except those that were consid- 
ered ordinary construction accidents, such as 
from a kinked wire. The trouble developed 
after the bridge was finished except for the 
roadway slab. 

Since steel wire has been used with entire 
satisfaction in many another suspension bridge, 
the next thing to do is to investigate the defec- 
tive wire. Was it made of unsuitable steel? 
Was it abused during manufacture? 

Much diflficulty is associated with such an 
inquiry, for the American wire industry follows 
‘raditional methods in its operations. Precise 
information about the effect of variations in 
lozens of the manufacturing details (such as 
peed of drawings) is either entirely lacking or 


iown to the few. 
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By Ernest E. Thum 


Editor Metal Progress 


Under these cireum- 
stances the best approach 
will perhaps be to describe 
briefly the method of manu- 
facture of the cold drawn 
steel wire used so. success- 
fully for all wire suspension 
bridges, and as manufac- 
tured by John A. Roebling’s 
Sons Co. American Cable 
Co. and American Steel & 
Wire Co... and then compare 
it with the methods used for 
making the heat treated wire 
first erected in the Mt. Hope 
and Ambassador bridges. 

Cold drawn bridge wire 
for the George Washington 
bridge across the Hudson 
River at New York City, 
made by the Roebling organ- 
ization, and the cold drawn 
wire manufactured by the 
American Cable Co. (to re- 
place the heat treated wire first erected) and 
which is now in the Mt. Hope and Ambassador 
bridges conformed to the following specifica- 
tions: Carbon max., sulphur 0.01) max., 
and phosphorus 0.04°. max. 

Ladle analysis of the last mentioned mate- 
rial showed carbon O80), sulphur 0.089%, 
phosphorus 0.038), manganese 0.62'., and 
silicon 0.20%. 

Steel for the George Washington bridge was 
made in acid open-hearth furnaces from clean 
plate scrap and high-manganese pig iron, 

The metal was teemed into big-end-up in- 
gots with refractory sink heads, cooled, reheated 
slowly, and rolled by small reductions into a 
2x2-in. billet. Prior to the last pass it was 
shaved on all sides 0.02 in. Any heat which 
showed pipe or any axial defects or surface 
imperfections on the billets was scrapped. Re- 
heated billets were then rolled to about “,-in. 
rods in a continuous mill. 

The unsatisfactory wire for Mt. Hope Bay 


and Detroit River bridges was rolled in the wire 
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drawer’s own rod mill to 0.225-in. rod from pur- 


chased 2-in. billets made of killed basic open- 
hearth steel in accordance with “special dis- 
card alloy practice.” Analysis of the finished 
wire conformed approximately to the follow- 
ing: Carbon 0.80°, manganese O40, silicon 
0.20°,, sulphur and phosphorus both less than 
0.02°,. One end of each rod was clipped, pol- 
ished, and pickled in acid. Acceptance by the 
wire mill depended upon this 100° deep etch 
test for soundness. 

Is this raw material unsuitable? 

Whether acid open-hearth steel is’ better 
than basic is a controversial point, very difficult 
to decide, since the evidence is so likely to be 
warped by personal prejudice or business con- 
siderations. 

Conversations with steel makers experi- 
enced in the art of making fine steels by both 
processes has brought out the opinion that acid 
steel is a little cleaner, is a little more consistent 
in final physical tests, and has a higher elastic 
limit for the same carbon content. Wire draw- 
ers generally prefer acid steel for their best 
product, believing that it can successfully be put 
through a series of reductions which would 
cause sporadic breakage at the die in an equiv- 
alent basic steel. 

This matter is one of the intangibles per- 
vading wire drawing practice. It certainly does 
not mean that very fine grades of wire for 
springs, rope, and other uses cannot be made 
by the basic process. Quite the contrary; great 
tonnages of it are so used with entire satis- 
faction. 

Experience, therefore, indicates that there 
is no reason why the choice of basic open-hearth 
steel instead of acid for the first Ambassador 
and Mt. Hope bridges should be regarded as the 
determining factor in the failure. The fact that 
our common grades of merchant steel are made 
in basic furnaces, while acid furnaces are usu- 
ally reserved for fine steels, should be ascribed 
to the nature of our available ores and scrap 
rather than an indication of the inherent capa- 
bilities of the two processes. 

Another point may be made — that the 
manufacture of the Mt. Hope and Ambassador 
wire had no control over the making of the steel 
and its rolling into billets. This might be a 
controlling factor in some specialties, but prob- 
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ably is not in the manufacture of wire. Mop, 
wire mills have no rolling mill and conseque;\{!y 
must purchase all their rod and strip in the 
open market. About a million tons of it go from 
steel mills to independent finishers in a nor- 
mal year. Consequently, the technique of man- 
ufacture of wire-making steel is well understood 
by several producers, and methods of inspection 
are well known. Incidentally, the sulphur and 
phosphorus analysis of the metal is a strony 
indication of a quality product. 

It is fair to conclude that the Mt. Hope and 
Ambassador wire failure was not due to the 
use of basic steel rather than acid, nor due to 
divided responsibility. 

But the manufacturing procedure for the 
first Ambassador and Mt. Hope bridges is quite 
different from that for successful hard drawn 
bridge wire. They are in truth two entirely 
different end products, although starting from 
substantially the same original material. One 
was hard drawn from a patented rod. The 
other was lightly drawn from the hot rolled rod 
as delivered and then heat treated. 

Since patenting is a most essential operation 
for high strength cold drawn wire, and is a 
unique heat treatment, it may be described at 
some length. 

The microstructure of any hot rolled rod 
(the raw material for wire) will reflect the 
chemical segregation inherent in the ingot, and 
a longitudinal section would give plenty of evt- 
dence of a banded structure. 

Furthermore, the constitution (and hard- 
ness) of the best-rolled rod varies slightly 
throughout the coil. To minimize these varia- 
tions, a modern continuous rod mill is coupled 


so close and runs at such a speed that the front 


end is finished and being reeled before the rear 


end of the 30-ft. billet has emerged from the 
reheating furnace. Theoretically, then, the tem- 
perature of the rod as it emerges from the fin- 
ishing pass should be uniform, end to end, and 
well above the critical. Coils are cooled slowly 
and uniformly in a covered conveyor. Neve! 
theless, owing to the fact that the outer layers 
of a coil cool more quickly than the inner ones, 
there will be a corresponding and somewhoa! 
haphazard variation in microstructure along t!) 
rod’s length. 


Patenting is designed to remove these di! 
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aces caused by ingot structure and non- 

form cooling, and to replace them with a 

form structure of sorbite known to have 

imum ability to withstand the subsequent 
stresses of wire drawing. 

atenting of *,-in. rods is done in a muffle 
furnace from 50 to 100 ft. long, through which 
are drawn a dozen or more rods, side by side, 
at a very deliberate pace. Within the muffle is 
maintained a correct gas atmosphere to prevent 
surface decarburization. Temperature of the 
rod reaches the critical fairly close to the enter- 
ing end, and increases gradually toward the 
other. This method of heating and soaking pro- 
duces comparatively large equi-axed austenitic 
srains, with a high degree of uniformity as to 
grain size and distribution of atoms in solid 
solution in the iron. 

Emerging from the furnace some 300° F. 
above the critical, the rod passes directly into a 
lead bath (temperature is varied between &50 
and 950° F. for different heats of steel and 
determined by tests on sample rods run through 
in advance). The entire microstructure should 
then be sorbite. Few traces of crystal boundaries 


can be seen under the microscope, but when 


Drawing of Bridge Wire by 30-Inch Blocks. 


the rod is eventually hard drawn for correct 
strength, the wire has a quasi-fibrous micro- 
structure. 

The rod in the patented condition is very 
stiff and hard. The ultimate strength of the 
green rod (about 150,000 Ib. per sq.in.) has been 
increased to the order of 170,000 Ib. per sq.in., 
and the elongation is about 8% in 10 in. To 
convert such a patented rod into bridge wire, 
it is cleaned and drawn through four dies of 
successively smaller diameters, one die at a 
time, emerging finally as No. 6 wire, 0.192 in. 
diameter. This “bright wire” has its strength 
and toughness induced by cold work; its ulti- 
mate strength is about 240,000 Ib. per sq.in. and 
the elongation is 2 or 3° in 10 in. 

It is worthy of repetition that correct pat- 
enting is regarded by wire makers as absolutely 
essential for cold drawn wire of high strength. 
Hasty work, incorrect temperatures, or non- 
uniform conditions will cause a great variety 
of subsequent troubles, such as breakage in the 
final drafts, or a deficiency in toughness as 
measured by the ability to stand the required 
number of twists. (This test is variously made. 


Sometimes a length of wire is bent into a hair- 


Courtesy Port of New York Authority 
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pin, the loose ends fixed in a vise, the loop put 
over a hook, and turned so the loop twists itself 
together like a tourniquet. Bigger wire may 
merely be gripped in head and tail stock of a 
lathe or torsion testing machine and twisted 
until it fails.) 

Heat treated wire first erected in the two 
bridges was made in accordance with the usual 
method for making oil tempered spring wire 
(somewhat revised). This method differs widely 
from the steps followed in the manufacture of 
cold drawn wire. The hot rolled rod was not 
patented, but cleaned and given one, or at most 
two, drafts to its finished diameter, 0.192 in. 
This amount of work presumably penetrated 
the metal to the center and thus made it more 
amenable to the heat treatment that immedi- 
ately followed. 

High strength was to be induced not by cold 
work but by quenching in oil and tempering. 
Heat treating for strength and subsequent clean- 
ing and galvanizing was a continuous process; 
the wire was drawn through a succession of 
tanks and reeled on 5-ft. blocks at the far end, 
completely processed and ready for shipment. 
Nearly all the wire was inspected magnetically 
to guard against irregularities in heat treatment. 

First in this line-up were four lead tanks 
in series, each about 12 ft. long, set close to- 
sether end to end, wherein the cold wire was 
viven two definite heat treatments. In the first 
it was preheated somewhat below and in the 
second brought about 200° F. above the critical 
temperature. This recrystallized the metal into 
an austenitic structure. It immediately entered 
the third lead pot, about 300° cooler, wherein it 
was cooled slightly below the critical. 

So far the treatment might be characterized 
as a patenting operation. Then in the fourth 
lead bath at about the same heat as the second it 
is brought back to the quenching temperature. 
Wires were led through some fused salt directly 
down into an oil quenching tank, maintained at 
275 F. Submerged in the oil were = 12-ft. 
sheaves, side by side, around which the now 
hardened wires passed; then up and out in a 
sloping direction. 

Tempering was done by submerging the 
traveling wires in a long lead pot at about 800 
F., somewhat cooler than the galvanizing bath 
to be reached later, but this temperature was 
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Longitudinal Section of Cold Drawn Bridge 
Wire. Courtesy of the American Cable Co. 


varied somewhat, heat to heat, depending upon 
minor variations in composition and processing 
of the wire. The rod then passed on to hot, 
dilute sulphuric or hydrochloric acid for clean- 
ing, then wash water, then a light flux, then into 
molten zine at about 80 F. (The latter routin 
is essentially the same galvanizing operation to 
which cold drawn bridge wire is subjected.) 
After passing up and out of the zine pot and 
partially air cooling, it was further cooled in a 
water bath and passed through a solenoid for 
magnetic test. 

This entire heat treating unit was controlled 
from one pulpit, where were located the pyrom- 
eter dials and all gas valves. All responsibility 
for continuous control was therefore upon one 
man. There is no doubt but that the heat treat 
ment was well done, and the resultant product 
was uniform (in the commercial sense). 

A number of these operations on the firs! 
Mt. Hope and Ambassador wire are unconven 
tional, even for making heat treated spring wire 
For instance, few manufacturers would cispens 
with the preliminary patenting heat treatmen|, 
(certainly not when drawing to small sizes) 
but probably none of them could cite quantita 
tive data to support their views. They would 
be inclined to say, “You would get into troul!: 
if you don’t patent” — by that meaning the! 
breakage at the die would be more severe, th! 
a revised drawing schedule would be necessary. 
and that the twist test would give results below 
expectations. It should be remembered, how 
ever, that patenting is preliminary to seve! 
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Longitudinal Section of the Heat Treated 
Bridge Wire. Courtesy American Cable Co. 


cold drawing, and is the only heat treatment 
cold drawn bridge wire receives. The Mt. Hope 
wire Was not cold drawn for strength, (hat was 
to be induced by standard good heat treating 
practice. 

After diligent inquiry, the present: writer 
believes that the wire industry has no convine- 
ing answers to such questions as these: “What 
is the minimum number of draws or the mini- 
mum reduction cross-section necessary to 
give a wire rod so the wire will properly re- 
spond to heat treatment?” “Is rapid normaliz- 
ing of No. 6 wire in lead baths suflicient to erase 
“What effect will 


Iraces of Ingotism have upon wire?” 


traces of ingot structure?” 


Since the wire industry places so much 
reliance on tradition, and has such a meager 
body of authoritative data, it behooves them 
and us to withhold criticism about the mechani- 
cal details of the Mt. Hope wire manufacture. 
lt was made by men who were old hands at the 
fame, and had only recently produced the cold 
drawn wire for the very large bridge across 
the Delaware River at Philadelphia. The most 
we can say is that it was unconventional and 
e\perimental. It was the result of independent 
thinking of men who were attempting to apply 
modern processes to an old operation. It was 
designed to produce material of high elastic 
‘mit, capable of being safely loaded at a higher 
init stress than cold drawn wire. The re- 
‘ponsible consulting engineers might be criti- 
ized for experimenting with a costly suspension 


ridge, but if the experiment had succeeded they 
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would have been hailed as scientific trail blazers. 
Unfortunately, the experiment failed, and in our 
present state of ignorance we should curb the 
temptation to pin the blame on any single de- 
parture from the routine practice found in other 
wire making plants. 

For these same reasons | believe one should 
discount suggestions that the heat treatment was 
done at incorrect temperatures. Wire, like other 
products, is susceptible to “blue brittleness.” 
Stead’s brittleness, to grain growth, overheating, 
and under-tempering. Also the chemical com 
position of the wire and its heat treatment must 
both be properly adjusted to the work it ts to 
perform. 

One acquainted with the personnel of the 
manufacturing staff and its research engineers 
will grant them the ability to understand these 
elementary principles and provide for them in 
the production routine. Troubles due to the 
above-mentioned irregularities and errors 
should at any rate quickly have manifested 
themselves in the ability of the wires to stand 
the routine tests constantly made on the material 
in process, and by the purchaser's inspectors. 

“Non-uniform heat treatment” can be dis- 
carded in view of the centralized control of all 
temperatures, the magnetic testing of the wire, 
foot by foot (undoubtedly sensitive to variations 
in structure), and the acceptance tests on each 
coil. Finally, the Bureau of Standards reports, 
after much searching, that “laboratory tests did 
not reveal any characteristics to arouse suspi- 
cion, either in structure or properties.” 

It is bevond doubt that the practices used, 
unconventional though they were, manufactured 
wire that passed the routine and acceptance 
tests so successfully that it was accepted by at 
least six responsible bridge engineers (among 
the present leaders in the profession) as a supe- 
rior product. It is also a fact that critics of the 
practice would rely upon these same routine 
tests torsion and tension tests to indicate 
any supposed damage done by overdrawing, 
underdrawing, overheating, underheating, or 
what not. 

To return, then, to the question asked at 
the outset “Was the wire abused during man- 


ufacture?” the reply must be: “Not proven 
by its performance during manufacture or by 


the tests we use to determine quality in wire.” 
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Wilanufacture and use 


of powdered 


metals 


 _ METAL that is, metal sub- 
divided to a very high degree of fineness — has 
been an article of commerce for a long time; 
one needs only to mention gilding and bronze 
powders. A recent development in this class of 
materials by the Aluminum Co. of America has 
been quite successful in expanding the market 
for aluminum paint and ink, wherein the “pig- 
Much finely 


divided metal and sponge metal have also been 


ment” is powdered white metal. 


absorbed by the chemical industry, either for 
reducing reagents or for catalyzers. 

This article will indicate how an entirely 
new field has recently been opened for metal 
powders used as raw materials for synthetic 
alloys. To the uninitiated it might seem to be 
a waste of energy to powder pure metal, only 
to reconsolidate it into rods, bars, and tubes, 
but the method of manufacture is wasteful 
neither of energy or expense and the pressed 
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New York City 


and heat treated powd:rs 
have useful and unique 
properties which justify 
the means of fabrication, 

Before discussing this 
phase of the subject, brief 
mention of the methods 
for powdering metal 
should be made. Powders 
for paints, ink, and gild- 
ing are made by grinding. 
This class of material 
really should be called 
“flaked” metal, for the in- 
dividual particles are 
microscopic leaves, and 
the covering power de- 
pends upon the way these 
leaves lay flat against the 
surface and overlap at 
their edges. Bronze parti- 
cles, for instance, are on 
the order of 0.001 in. thick 
and from 5 to 25 times as 
wide and broad. Metal in- 
gots for grinding into 
flakes should be quits 
ductile, so the fragments 
may be pounded out thin. Initial crushing is 
ordinarily done by the heavy impact of falling 
weights (as a stamp mill) and final grinding jn 
a ball or rod mill — a rapidly rolling barre! full 
of tumbling steel or quartz balls or hard stce! 
shafting. For pigments, particle shape is o! 
more importance than uniform particle size, 
and consequently the grinding of each batch is 
done by program clocks. Various colors in the 
powders are attained either by alloying in thy 
original ingot, or by heating at various tempera- 
tures in controlled atmospheres. Grinding and 
coloring operations must be done in smal! 
isolated units and in such a way as to avoid 
sparks, since some of the powders are high!) 
combustible, and disastrous explosions ha 
occurred. 

Metal powders for the chemical indust 
are usually made by reducing the purified oxic 
in a correct atmosphere (ordinarily hydroge! 
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ine characteristic of this product, as shown by 
.e micros on this page, is that the individual 
a matter of 


oarticles are rounded in shape 
prime importance in the control of chemical 
reactivity, but a circumstance which militates 
wainst successful consolidation of the powder 
by pressure. Reduced oxides are also rather ex- 
pensive and difficult, if not impossible, to re- 
duce entirely, owing to the well-known difficulty 
of driving a reversible reaction to completion 
in one direction. 

So-called “blue powder’ 
rial which has considerable use as a reagent. 


is a type of mate- 


lhis is a by-product of zine distillation; the zine 
vapor which escapes from the condenser forms 
a metallic fog in a prolong. Each tiny droplet 
of metal has just enough oxide on its surface to 
prevent “wetting” of particles in mutual con- 
tact, so the contents of the prolong never accu- 
mulate into a liquid puddle. Zine and other 
low-melting metals may also be shotted for 
chemical purposes by pouring a thin trickle of 
metal through a strong air blast. 

In addition to pigments and chemical re- 
agents another and most recent use for pow- 
dered metal is for reconsolidation into useful 


shapes. Briefly, the process consists of filling a 


proper mold with the powder, squeezing it so it 
coheres, and then heat treating the pellet so the 
particles weld together at contact points. Metal 
powder for this use should consist of particles 
with rough surfaces to interlock while the form- 
ing pressure is on, and should also be free of 
oxide which would prevent the actual inter- 
growth or welding of the metal crystals where 
they touch. Since the metal particles should 
be as pure as possible (so the properties of the 
fabricated shapes may be highly uniform), one 
naturally turns to the electrolytic process as the 
correct source. 

Brittle metal, crushed mechanically, should 
present sharp angular corners and jagged sur- 
faces. Furthermore, if the metal is deposited 
by current under such conditions that hydrogen 
is plated out simultaneously, the cathodes will 
be very brittle, and the hydrogen impurity can 
easily be removed by subsequent baking. 

Brittle electroplates have been utilized as a 
source of powder, but are more expensive and 
less adaptable than the process of depositing 
pulverulent metal directly in the electrolytic 
tank. At the present time the following are be- 
ing produced in this manner commercially: 


Chromium, iron, nickel, copper, silver, tin, zine, 


Particles of Copper, Magnified 200 Diameters. Rounded nodules were reduced from 
oxide; angular fragments were deposited from solution by electric current 
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molybdenum, and tungsten. Those skilled in 
the art of electroplating or electrolytic refining 
know that the temperature and concentration of 
the electrolyte, the current density and voltage, 
the nature and disposition of anodes and cath- 
odes must all be kept under control and within 
proper limits in order to produce a dense de- 
posit at a uniform rate. They will readily ap- 
preciate that a considerably different set of 
conditions, no less rigidly set and maintained, 
will operate at good current efliciency and bring 
down a spongy deposit which, when removed 
and washed, will reduce to an impalpable pow- 
der under the gentlest rubbing. In fact, many 
budding electrochemists will admit that it is 
far casier to get a spongy deposit than it is a 
sound one! 

It would therefore be beyond the scope of 
this article to indicate many of the very large 
number of ways the job can be done for the 


metals listed. A number of patents cover the 


Type of Hydraulic Press Used by Carboloy Co., Ince., 
to Compress Mixtures of Tungsten Carbide and Metal 
Binder Into” Accurate’ Shapes for Metal Cutters 
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production of powdered metals. For insta) 
two methods are being used for copper on 4 
considerable scale at this moment. One in} 
duces a catalyst in the electrolyte and closely 
controls the amount of copper in suspension 
and the temperature of the electrolyte. Anot)er 
deposits copper with very high current dey- 
sities, as high as 350 amp. per sq.ft. 

After washing, drying and rubbing, thy 
powder is carefully separated into sizes by a 
series of screens and bolting cloths of closer 
and closer weave. The very finest particles ar: 
removed and classified by an ascending air cur- 
rent the same principle the threshing ma- 


chine uses to separate the wheat from the chaff, 
Powder is Closely Graded 


By such methods as indicated above thy 
fabricator is furnished metal of the highest pur- 
itv in rough, angular fragments, with partick 
sizes either within close limits, or conforming to 
specified screen analysis between 100 and 500 
mesh. 

Such metals are ready for compression, 
either as an individual metal, or as a controlled 
mixture of two or more. Subsequent heat treet 
ment converts the pressed pellet into perfect 
alloys or sintered compounds, as desired. It is 
possible in this way to make tungsten ingots 
(ready for swaging into fine wire), the common 
brasses, bronzes, and monel metal, stainless 
steel and chromium-nickel-iron alloys, and 
even more interesting and probably more valu- 
able mixtures of metals which could not lb 
poured out of a melting pot. Instances of the 
latter are metals with large differences in melt- 
ing points such as copper and tungsten. Mis- 
tures of metals and non-metals (such as ol! 
tungsten carbide and cobalt, or of copper and 
graphite) may also be fabricated in this manne! 

In the manipulation of such powders thi 
metal worker has borrowed many ideas and 
much equipment from the drug manufacturer 
The fastest presses, in fact, are overgrown pil! 
making machines! In order that exact qual 
tities of the powder may each time fill the sany 
mold, the loose material is fed after trickling 
down a succession of inclined planes, and enters 
the cavity at an exact velocity. This regulates 
the factor of “self packing”; one stroke from 
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Typical “Oilite” Bearings and Bushings. 
graphite, copper, and tin, Oil fills the 


the dies of given pressure will thereupon pro- 
duce a pellet of correct density and size (exact 
to 0.0005 in.). Heat treatment or sintering will 
cause small changes in size, but these can be al- 
lowed for in advance. 

The amount of compression, which is or- 
dinarily more than 5000 lb. per sq.in., determines 
the density of the finished material. Another 
factor is the screen-size analysis of the particles. 
(As high 
as 250,000 Ib. per sq.in. has been used to pro- 


Both these factors are under control. 


duce copper slightly denser than busbar metal. 
Powerful hydraulic presses, rather slow in ac- 
tion, are of course necessary for large pieces 
and heavy compression.) Subsequent heat 
treatment will give strong, coherent metal parts 
ranging, as desired, from !., to 4, the theoretical 
specific gravity of the alloy. The difference is 
of course due to microscopic voids. The fin- 
ished article is a metallic sponge. 

Far from making it a useless curiosity, such 
4 property is responsible for the largest use of 
powdered metal — namely, for oil-less bearings 
(more properly called “capillary lubrication”). 
‘hese have been installed for several years in 
small electric motors for fans and other equip- 
ment where expert care cannot be insured. 
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A hard bronze made of powdered 


30% voids. Courtesy Chrysler Corp. 


Electric clocks and domestic refrigerators have 
also used great quantities of them. One of the 
leading automobiles last vear had eight bear- 
ings of this sort known as “Oilite”; the service 
was so satisfactory that the 1952 models have 
nearly a hundred of them in spring shackle 
bearings, steering gear bushings, clutch pilot 
bearings, chassis spring inserts, generator bear- 


ings, and water pump bearings. 


Manufacture of Oil-less Bearings 


A typical oil-less bearing is made of 90 
parts of copper, 10 parts of tin, and 1 to 4 parts 
of electric furnace graphite. The loose mixture 
is pressed into the form of a sleeve; its coher- 
ence is then such that it can be handled with 
considerable freedom. Heat treatment merely 
involves dipping into a cyanide pot; time and 
temperature are regulated so there is a true 
welding action at the multitude of points where 
metal comes into contact with metal. (This is 
so effective that subsequent fracture under test 
or overload will cross through the middle of the 
original grains rather than at the welded con- 
tacts.) The hot bearing is then quenched in 
lubricating oil, and left submerged until the 
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Uniform Copper-Zine Solid Solution in Synthetic 
Brass Made of 88 Parts Copper Powder and 
12 Parts Zine Powder. Compressed into small 
disk at 50,000 lb. per sq.in., annealed 2? hr. at 
1300° F. in reducing atmosphere, cooled and re- 
pressed at 50,000 lb. per sq.in. Cavities (black 
areas) do not prevent ample metal-to-metal contact 


capillary pores are completely filled with oil. 

The amount of oil which can be absorbed 
obviously depends upon the specific gravity of 
the metal mass, and this (as indicated above) is 
regulated by the particle size of the constituent 
powder and the pressure. Very satisfactory 
bearings for heavy duty contain from 30 to 40° 
oil, by volume. Bearings have been made with 
crushing strength up to 75,000 lb. per sq.in. Oil 
exudes from the pores at these high pressures, 
and consequently furnishes lubrication to a 
journal which would otherwise be running dry 
and hot. 

Even though these bearings have a source 
of oil within them, they are mostly used to 
regulate a gravitational supply of oil to impor- 
tant journals. Such bearings, properly lubri- 
cated, approach closely the efficiency of the best 
ball or roller bearings. Especially is this true 
when the machine first starts; most of the wear 
in an old-fashioned solid “box” occurs before 
the oil is warm and a good film established. In 
the new spongy bearing metals an adequate 
supply of oil is contained in the texture of the 
journal itself. 

Enough has now been said so the reader 


can casily appraise the following advantages of 
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the new method of fabrication with powdered 
metal as raw material. 


Advantages of Compressed Meta! 


1. Porosity of the final mass is under cop- 
trol. Stainless alloys have been produced of 
half the specific gravity of rolled steel. 

2. Grain size is under closest control. 

4. Metal of highest purity is produced. 
Iron alloys substantially free from sulphur, 
phosphorus, carbon, and nitrides open new op- 
portunities for specialists. 

1. Alloys of constant composition are pro- 

duced. This is very important for electrical 
alloys. In the telephone industry, for instance, 
a 90-10 bronze and a 70-30 monel are made of 
powdered metal to a uniformity entirely unap- 
proachable by foundry methods. Contact points 
made of silver and molybdenum and silver and 
nickel are other examples. 
3). Alloys and mixtures of metals, immisci- 
ble in the liquid state, or having great differ- 
ences in melting points, are produced. Instances 
are lead and copper, copper and chromium, 
copper and tungsten, and copper and molyh 
denum. The latter are useful for welder elce- 
trodes or switch contacts handling heavy 
currents; the copper gives good conductivity for 
electricity and heat; the tungsten lends hard- 
ness against wear and refractoriness against 
high temperature softening. 

6. Mixtures of metal and non-metal may be 
effected. Examples are tungsten carbide and 
cobalt (the carbide cutting tools); copper and 
graphite mixtures for current collecting brushes 
on dynamos and motors. 

7. Size of the completed article may b¢ 
held to close limits. The dies may be cut to 
any desired degree of accuracy and the presses 
refined in design. Restriking or coining may 
further increase the precision of the articles 
In this regard they compete with the very best 
die castings. 

8. Manufacturing losses are very small. 
Compare them, for instance, with the man) 
operations in conventional fabrication: Slag 
ging losses during melting; the crop and oxide 
loss of rolling; the flash or trimming loss 
frequently only half o! 


of 


forging or stamping 
the original metal appears in the finished part: 
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‘he rest must be reworked. None of these losses 
ir in the pressing of powdered metal, and 
for that reason the raw material may carry a 
siderable premium and the article’s final 
.t still be competitive. 

9. Useful bi-metals may be manufactured. 


\ rectangular mold may be three-quarters filled 
with iron, the surface leveled, and the remain- 
der filed with nickel. Pressure then converts 
this to a composite ingot, heating and rolling 
produces a thin plate or sheet — part iron, part 
nickel 
manner composite tools may be manufactured 


perfectly welded together. In a similar 


with a steely strong base and a layer of exces- 
sively hard alloy on top. Or a steel bearing 
shell may be lined with a thin layer of babbitt 
or bronze. 

10. Considerable saving in valuable raw 
material may be made. Sterling silver table 
ware, for instance, may be pressed and have a 
density hardly half that of the same ware 
stamped from metal strip. 

If a very dense alloy is needed, it can be 
had either by extra heavy pressure in the dies, 
or by a correct program of mechanical work 
and heat treatment. Consolidation may be done 


by swaging, rolling, drawing, or forging any 


of the common operations now done on cast 
ingots or bars. It should be emphasized that 
the metal parts in process are never fragile. A 
bar of copper directly from the press has a 
metallic ring. After heat treatment it is quite 
tough and ductile, even though its specific grav- 
itv is low. 

The heat treatment of the pressed article 
depends upon the constituent metals. Usually 
it is at about two-thirds the melting point of the 
most fusible. At any event, the heat and time 
must be sufficient to cause a substantial amount 
of diffusion of one metal into the other. Like- 
wise the air must be excluded, or the metal 
heated in a mixture of reducing gases. If com- 
plete diffusion of one metal into another is re- 
quired, as in synthetic iron-nickel magnetic 
alloys, the time and temperature must be ap- 
propriately chosen; original fine grain will re- 
duce the necessary annealing time, but heats 
are moderate and inexpensive from the stand- 
point of cost of thermal units. 

One notable limitation now characterizes 
the commercial application of the above ideas, 
and that is the matter of size. As the diameter 
or area of the article increases, the total amount 


of pressure required = (Continued on Page 80) 


A Wide Variety of Articles Made From Powdered Metal. Upper center is porous bronze 


interleaf for automobile spring. 


are brass and german. silver. Below 


Medals are of sterling silver and bronze. Medal discs 
two small bearings, three copper tablets 


for chemical catalysis, a copper-carbon motor brush and some copper-chromium wire 
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orging dies made 
from master 


fypes 


IE TYPING as practiced by the Ford 


Motor Co. consists of forcing a hardened master 


into a block of steel. The process is carried out 
in much the same way as a signet ring is used to 
make an impression in wax. Thus, in order to 
tvpe a forging die for a lever with a ball seat, 
such as shown at the lower right of the assem- 
bled group on the opposite page, it is necessary 
to make a “master type” or positive copy of the 
required shape, plus the amount of shrinkage 
that would be encountered when the die cools, 
plus the amount of shrinkage of the hot forging 
to be made in the die. 

These types are cult by a tool maker of the 
regular die block steel used for hammers, hav- 
O47 to 
carbon, 0.50 to 0.605 manganese, 0.60 to 0.75% 
chromium, 1.50 to 1.75% nickel, 0.10 to 0.205, 


silicon. Sulphur and phosphorus must both be 


ing the following composition: 


lower than 
To make small dies of this sort, pieces of 
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By R. H. McCar: 


Metallurgical Departmen: 
Ford Motor Co 
Dearborn, Mich 


the regular die block steel, 
cult to suitable size, ar 
heated to 1700° F. in a lead 
pot and placed in a retaining 
ring. The master type lias 
previously been mounted in 
the upper ram of a 90-ton 
press. The retaining ring 
holding the heated billet is 
then pushed into place on 
the press bed directly unde: 
the type and the press is 
tripped. This impresses thy 
correct shape in the top of 
the die block, which is im 
mediately covered with fing 
charcoal or cast iron chips to 
When it is 


cool it slips out of the retain- 


avoid oxidation. 


ing ring. 

Several dies can thus be 
made quickly in one set-up 
Some varieties would be re 
struck for close tolerance be 
fore mounting. 

Slightly different procedure is desirable for 
such dies as the star punch for the gasoline gag: 
nut. Master type then consists of a ring with a 
star impression worked into the center just 
enough larger than the punch required to allow 
for shrinkage. The master would be placed on 
the bottom of the press, the steel blank heated 
in the lead pot and placed upside down on tli 
master type, and the press (having a flat uppe! 
bed) tripped, thus driving the blank into thy 
master die, 

The above conveys the principle used fo! 
all the lighter dies. 

Large forging dies, Ajax dies and trimming 


dies are made on a 2500-Ib. steam hammer. |! 


this work the master type consists of two mating 
blocks, one for the anvil, one for the hamme! 
head. In the lower one is machined a smoot! 
bottomed cavity, the depth of which is appr 
mately half the thickness of the die to be mac 


The upper one has a similar cavity with 
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eption that the shape desired is en- 
ved or embossed in the bottom of the 
vity mentioned. 

The purpose of this cavity in the two 
iyping blocks is to retain the heated metal 
vhen it is struck and to cause it to flow up 
into and around the depressions in the 
master, filling in sharp corners and various 
intricate places. Sometimes, where difli- 
culty is experienced in filling corners or 
small projections, it is necessary to drill 
vent holes in the master type, thus allowing 
the trapped gases to be compressed into 
these pockets or vents without retarding 
the flow of the metal. 

Ajax die blocks are straight 31.°7 chro- 
mium steel (carbon 0.60 to 0.75°°, manga- 
nese 0.30 to silicon 0.10 to 0.20° ) 
and ordinarily the billets would be heated 
to 2100° F. 


ture be correct and the same for all dies 


It is essential that the tempera- 


typed in any one master, as this master is 
made to allow for a certain shrinkage, and 
if the temperature is allowed to vary, dies 
of incorrect size will be produced. 

Trimming dies are made in much the 
same way; the master pierces the correct 
opening. The bottom of such blocks must 
then be squared. Cutting edges are filed to 
template before hardening. 

A most important factor when heating 
the blocks before typing is to avoid scale. 
In small pieces this is done by heating in 
a lead pot. When treating big blocks the at- 
mosphere in the heating furnace must be con- 
trolled or the billets must be protected from 
oxidizing gases. No seale can be tolerated on 
the face of the die block which receives the 
impression, else it would be forced into the sur- 
face and cause an unwanted depression. The 
cavities or projections in the dies, in other 
words, are finished to precise shape in the typ- 
ing, and no machine work or other cutting is 
permitted. (It is only necessary to square up 
the bottom and sides after typing, to fit the 
tapered holder.) 

The method used at the River Rouge plant 
of the Ford Motor Co. is to grind the top side 
of the billet to be sure to remove all decar- 
vurized material which might have resulted 


‘rom rolling or forging in previous manufactur- 
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issortment of Forging, Stamping and Trim- 
ming Dies. Shapes are pressed into hot metal 
by master types, some of which are shown 


ing operations and cover it with common salt 
(sodium chloride) as soon as it is placed in the 
furnace. As the block comes up to heat and 
reaches F. 


film remains on the hot steel even up to forging 


the salt melts but a protective 
temperature (2100) F.). This is easily scraped 
off just before the actual typing operations. 

Not only has the cost of making and mount- 
ing simple forging dies been decreased to a frac- 
tion of what it once was, but the typed dies 
produce about 25°. more forgings. This is prob- 
ably due to the extra work and grain flow pro- 
duced at the working surface. Dies are seldom 
discarded due to breakage, but to slight warpage. 

A master type is good for 200 to 100 forging 
dies. Where a great number of one kind of 
dies are consumed and the typing master must 


be replaced frequently, it has been profitable 


39 


= — 
| 


to make a “Master-Master,” or a master die 
which is used to type the master type, which is 
in turn used to type dies. When this is done a 
set of master hammer dies are made which 
resemble the forging dies that are to be ulti- 
mately made, and differ only in that they are 
three shrinks larger than the part to be pro- 
duced. One shrink will occur when the master 
type is made, another when the master type is 
used to make the forging die, and the third 
occurs in the forging itself. 

It is seldom necessary to make the forging 
die the full size and depth desirable for hammer 
or anvil. Sometimes an insert can be typed and 
fastened into larger blocks by frictional engage- 
ment, either by using slightly tapered sides on 
the insert and driving the same into the block, 
or by expanding the block by heating to 850° F., 
driving the insert into the cavity, and allowing 
the larger block to cool and contract. A shrink- 
age of 0.0025 in. per in. is satisfactory. There 
is no chance of coming loose while in use. 

Such holder blocks should be carefully 
checked for growth after, say, the tenth use. 
If they are then found to be too large they can 
be heated and pressed back to shape. Their 
life is therefore indefinitely long. 


Forging a Drop Forging Die in a Steam Hammer 


T IS told that Mr. Kettering, when he was 

intent on devising some new method for 
varnishing automobile bodies, asked severa! 
paint experts to consider the matter. When 
they reported that the usual time of two weeks 
might possibly be cut down to two days, they 
were mortified to find that he had fixed his 
mind on two hours. And that’s about what he 
got before he was through with them! 

Some day some equally persuasive and re- 
sourceful man is going to say to himself, when 
viewing the maze of lathes, planers, shapers, 
milling machines and broachers that now-a- 
days is required to make almost any high duty 
machine part, “There’s altogether too many ma- 
chine tools here,” and proceed forthwith to do 
something revolutionary. 

Several ways have been pioneered already. 
Few works managers are proud of operations 
that take a heavy cut into sound metal. The 
whole die casting industry is built on its ability 
to furnish parts that require little or no machin- 
ing. Many a detail has been redesigned for 
pressed metal because it saves much of the fin- 
ishing. Drop forgers are being held to such 
close limits, to minimize the amount of subse- 
quent cutting, that especially accurate presses 
are being manufactured for the purpose. Re- 
striking and coining are also frequently done. 

Advances in the direction of machine-savy- 
ing may be seen in almost every progressive 
shop. An example is the work on connecting 
rods done by the maker of one of the hign qual- 
itv automobiles. Connecting rods are important 
members, subject to complex and speedily vary 
ing loads. Owing to their rapid motion, the 
problem of balance is important, so important! 
in high speed aero engines that rods are ma- 
chined all over and carefully balanced in a se! 
This motor car manufacturer avoids this ex 
pense by precision work in the forge plant. 

At that place the connecting rods are mad: 
to fairly close dimensional limits, then full) 
heat treated and sand blasted clean of scal 
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Next the rods are restruck between dies in a 
board drop hammer the required number of 
blows until the faces of the dies all but touch. 
(his not only sizes the rod but takes any warp 
out of it, so the end faces remain parallel after 
the subsequent operations. Next the rod is put 
through a coining press which corrects the dis- 
tance, face to face, on either end to a few thou- 
sandths. Finishing can then be done by a 
surface grinder. 

This combination of hot and cold working 
operations has saved a notable amount of ma- 
chine work. Results are so satisfactory, in fact, 
that machine-saving ideas may become as prof- 
itable in the next decade as labor-saving devices 


have in the past. 


T HAS been frequently remarked that the 

cleanliness and smoothness of the part be- 
fore it enters the plating tank has a pronounced 
effect on the durability and corrosion resistance 
of the deposited coating. There is an even 
greater incentive for such care before chromium 
plating, for the action of the bath is seriously 
deranged by impurities. 

Mr. Udy, in his article in the last issue, 
emphasizes the fact that the ratios between 
trivalent’ chromium, sulphate’ radical, and 
chromic acid must be kept within definite limits 
if a chromium plating tank is to operate satis- 
factorily. Correspondence with the author 
brings out the additional fact that the amount 
of trivalent chromium will increase beyond 
workable limits if the bath is fouled with iron, 
nickel, copper, or other metals or organic 
matter. As a fresh bath made up of pure 
chemicals picks up more and more of these im- 
purities, the voltage required for a constant 
urrent density also increases. 

On starting the bath with 32 oz. per gal. of 
liromie acid and 040 oz. per gal. of sulphuric 
wid, the ratio of chromic acid to sulphate is the 
After 


prime factor controlling the operations. 
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the bath has acquired a certain amount of im- 
purities, the trivalent chromium increases and 
becomes the controlling factor. Good plating, 
in Mr. Udy’s opinion, requires a ratio on the 
order of 15 of chromic acid to 1 of trivalent 
chromium. 

From a theoretical standpoint it is interest- 
ing to note that the ratio of trivalent chromium 
and sulphate radical in baths in good condition 
does not conform to that of any known chromic 
sulphate. It is probable, therefore, that some of 
the chromium exists as free ions, perhaps due to 
the solution of chromic hydrate, Cr(OH),, in 
chromic acid. The hydrate, on solution, would 
be ionized into positive chromium and negative 
hydroxyl ions, and it is from these ions that dep- 
osition of metal and gas on cathode and anode 
respectively takes place. 

It is indeed fortunate for commercial opera- 
tions that the sulphate radical and the lead 
anodes control the production of trivalent chro- 
mium; otherwise a constant bath could not be 
secured. The only guard against departure from 
a good operating ratio (other than adding sul- 
phate) is intelligent attention and cleanliness. 
Impurities must be kept out of the bath, for 
once there they are difficult if not entirely im- 


practical to remove. 


is something we all talk 
knowingly about, but do little. Tool trou- 
While 


one department is explaining why its operations 


ble is here today and gone tomorrow! 


are not to blame, it vanishes. But in its trail 
are a lot of burned or broken cutters, parts with 
second grade finish, and lean pay envelopes. 
One recent occurrence of this sort lasted a 
couple of months and ran up a bill of S8000 or 
$10,000. The different thing about it was that 
some intelligent people resolved to find out why, 
and the leading article in this issue by Messrs. 
Cederleaf and Sanders is one result. This work 


will put all metal workers in their debt, for it 
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shows how every operation from forge to final 
inspection has been improved. Using alloy steel 
of the same analysis, the wear on dies has been 
reduced, the annealing cycle shortened 140°, 
tool speeds and feeds increased 11 to 60°,, pro- 
duction increased 50 to 400°, tool cost reduced 
nearly half, and dimensional tolerances and 
changes in dimension after hardening reduced 
materially. The net result is a lighter gear 
which is stronger, resists surface pitting better, 
has a longer life, and costs less. 

Certainly these are proper rewards for an 
intelligent research. 

Cederleaf and Sanders also poked about in 
the preserves of another metallurgical sacred 
cow, to their everlasting credit. We refer to the 
matter of flow lines or “fiber” in the forgings. 
It would be interesting to trace its trail back 
through the literature; undoubtedly it) would 
take us to early Sheflield and ancient Damascus 
and land us in the prehistoric home of Tubal 
Cain himself. Few indeed would we find en 
route who had controlled this fiber; it was in 
the steel or it wasn’t and that was that. 

An upset bar, such as a forging for a cluster 
gear, is a fine place to observe that the undis- 
turbed bar has litthe or no fiber, but the upset 
part has. This one fact is enough to explode 
the idea that fiber dates back to the ingot. Or, 
to put it another way — segregates, slag and dirt 
in the ingot may be rolled out into stringlets 
and produce seamy steel, but another kind of 
fiber is introduced into clean, sound metal by 
hot or cold work. 

When the men at Muncie observed that the 
etching figures became less pronounced if these 
forgings were restruck or compressed and _ the 
specific gravity of the most fibrous metal might 
be 6 less than the original bar and that its 
hardness might drop to B-41 from a normal 
B-67, they naturally concluded that the forging 
operations were “opening the grain” or pro- 
ducing numberless internal cavities, either too 


small to be seen on a machined surface or 
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smeared over by flow of metal, until the strony 
acid ate into them. Whether this plausible theory 
will stand ultimate scientific analysis, it has the 
merit of fitting the observed facts, and of lead- 
ing into a profitable revision of shop practic: 

At first glance, a forging operation (espe- 
cially drop forging in dies or upsetting) should 
compress the metal from all sides and thus 
should raise the specific gravity of the metal 
rather than lower it. All workmen know, how- 
ever, that it is relatively easy to open internal 
cavities by severe rapid reduction. Modern 
methods of rolling seamless tubing from solid 
billets depend on this very fact. This being ad- 
mitted, one next asks, “What is the internal 
structure of metal when the work is stopped just 
before visible cracks open?” 

Cederleaf and Sanders reply that a common 
stage between a sound bar and a forging with a 
gross internal cavity is a metal mass of variable 
density — solid where compression has been 
high, shattered where shear stresses have caused 
‘apid movement of the metallic grains past each 
other. Furthermore that these shattered zones 
are hard to machine — the tool chatters and 
dulls rapidly because it has the triple duty of 
closing the cavity ahead of its edge, starting a 
cut and cutting. Some of the tool trouble may 
be due to poor microstructure presence of 
considerable excess ferrite — for these shattered 
zones, curiously enough, do not respond unl- 
formly to annealing. (An apparent contradic- 
tion is that gray iron and malleable iron, full 
of cavities, will machine easily, but the cavi- 
ties are filled with graphite, a fine lubricant.) 

Obvious remedies for fibrous forgings are 
to redesign the dies so metal will be moved less 
abruptly and so the part rather than the flash 
will get the compression. The bar should also 
be hotter and more plastic. There’s nothing 
very diflicult or abstruse about these correctives. 
It is also comforting to know that the more ma- 
chinable forgings are made by this method at a 
higher production rate and wear the dies less. 
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Pcs & hammers 


for forging 


WY... THERE ARE several methods of 


making products from aluminum, the best 
physical characteristics are brought out when 
they are worked, hot or cold, just as for iron. 
lo pursue the analogy further, these physical 
properties are greatly augmented when certain 
alloys of aluminum are used, properly heat 
treated. Hence the forging of aluminum arti- 
cles has been confined almost wholly to the 
so-called strong alloys. 

lt is perhaps opportune to recall that the 
lirst hardened aluminum was a German prod- 
uct, and a series of such early alloys under the 
name duralumin was responsible for the pre- 
War development of rigid dirigibles. From 
this group of alloys one containing 4° copper, 
O° magnesium, and 0.5‘; manganese is now 
nore or less standardized for thin sheet or strip 

be formed into articles or structural mem- 


rs requiring lightness and strength. 


Y, 1932 


By J. B. Nealey 
American Gas Association 


New York 


Such an alloy has 
been used to a consider- 
able extent for forgings, 
and is even vet so used, 
It is quite hard at the 
forging temperature and 
articles made from it are 
limited in shape, size, and 
degree of reduction. For 
that reason the research 
laboratories of the Alu- 
minum Co. of America, 
shortly after the War, de- 
veloped two other alloys 
of superior forgeability, 
and these have been in 
production since 1921. 

One of them is known 
as 25S. It contains about 
copper, silicon, 
and 0.75', manganese. It 
forges much more easily 
than duralumin, but still 
is harder at 840° F., its 
forging temperature, than 
low carbon steel is, under 
the hammer at 23507 F, 
Whereas quenched duralumin age hardens 
spontaneously at room temperatures, 25S must 
be mildly tempered, whereupon it) acquires 
equivalent tensile properties, namely, 58,000 Ib. 
per sq.in. ultimate and 20°, elongation. Its 
other physical properties are listed in a data 
sheet published in Mera Progress for Novem- 
ber, 1930, and the microstructure is illustrated 
in another published last December. 

The other common forging alloy, called 
DIS, is even softer under the hammer, having 
the workability of pure aluminum. It contains 
no copper, 1.0% silicon, and 0.65. magnesium. 
While it hardens spontaneously after a solution 
heat treatment, the maximum strength of 18,000 
Ib. is quickly reached by a mild precipitation 
treatment. Intricate and severely deformed 
forgings are made of it, as are also lightly 
stressed parts and hardware requiring a high 


polish. 
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A more recent addition to forging alloys 
should also be mentioned: “Super-duralumin,” 
Which is 25S plus 0.35°> magnesium. Its ulti- 
mate tensile strength in the fully heat treated 
condition is 65,000 Ib. per sq.in. with 12°. elon- 
gation in 2 in., which (since it retains hardness 
at moderately elevated temperatures) would 
cause its selection for parts subjected to espe- 
cially severe duty. 

Forging alloys are under constant study, 
and compositions with improved workability 
and physical properties may confidently be 
expected. 

While forging practice is much like that 
used in steel forging, it has some important 
points of divergence. In the first place, it re- 
quires from 20 to 30°) more power to forge 25S 
than it does the ordinary steels, although, as 
noted above, this varies with the other analyses. 
Aluminum does not flow readily. In wrought 


iron a weld can be made and sometimes a cold 


shut will flow together but never in aluminum. 


- 
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These and other difliculties, however, have 4)) 
been overcome by carefully controlled methocds. 

As in steel forging, the billets are {ips 
reduced from the cast ingot at least 80°). Recent 
practice at the Cleveland plant of Aluminium 
Co. of America has controlled the grain flow 
so as not to let any of the lines or fibers kink 
or run out at the edges of the forging and thus 
form weak points that may subsequently fail 
in use. 

In designing forging dies the radii must be 
larger and the impressions must be highly pol- 
ished. A shrinkage of !, in. per ft. and a draft 
of 10° are allowed. These dies are usually of 
chromium-nickel steel, hardened after cutting, 
and are made with stock impressions, fullers 
and edgers on the right and left margins for 
working the hot billets and bar stock into a 
rough form to fit the die — an item of consid- 
erable importance in aluminum forging. Most 
dies also have a generous gutter outside the 


flash to receive the surplus metal. Commonly 


Main Aisle in Forging Shop for Aluminum Alloys. Board hammers at right rear 
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Forged Crankcases for Radial Engine Show 
Intricacy Possible With Aluminum Alloys 


it is necessary to trim and restrike the forging 
one or more times before it is within tolerances 
of, say, 0.02 in. oversize. Straightening and 
coining to size of +0.008 in. (if specified) are 
usually done after solution heat treatment and 
before precipitation heat treatment, as_ the 
metal is then in its most plastic condition. 
Flash is frequently trimmed by 
a bandsaw, when the number 
of pieces does not warrant the 
expense of a die. 

Steel forging practice is 
usually thought of as being 
40) mechanical and 10° met- 
allurgical, but the reverse is 
true in forging strong alumi- 
num alloys. This calls for 
modern furnaces utilizing a 
fuel which can be exactly con- 
trolled to produce the proper 
femperature and the correct 
furnace atmosphere. Temper- 
‘tures required are low — be- 
low the visible radiations, so 
veating must be almost entirely 
done by convection, or contact 


th a circulating medium 
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only slightly hotter than it is desired to heat 
the metal. For these and economic reasons 
gas is used for heating most of the forging fur- 
naces in this plant. Allowable temperature 
range for forging 25S is between 800 and 840 
F. If the heat drops below 775° die wear and 
hammer strain become excessive, while hot 
shortness appears above 850° Hence the 
stock must be heated accurately, checked with 
a pyrometer, and returned to the furnace for 
reheating when it has cooled through a rela- 
tively small interval. 

The forging division at the Cleveland plant 
contains 12 steam hammers ranging in capacity 
from 1500 to 18,000 Ib.. three board hammers 
from 1500 to 3000 Ib. and one upsetter. “Two 
of the steam hammers are of the open frame 
tvpe. Many airplane parts are made here, 
including propellers, engine crankcases, con- 
necting rods, lugs, brackets and also machine 
parts ranging from half-pound pieces up to 
locomotive side rods weighing a ton each. 

Serving these hammers are 16 forge fur- 
naces fired with gas fuel, of different types and 
sizes, as dictated by the necessities of the work 
for which they were designed. The one in 
which propeller stock is heated is 10 ft. wide, 
8 ft. deep. and 7 ft. high. It has a wide door 
at one end and three narrow ones in front, all 
with hwdraulic lifts. Firing is accomplished 


with 15 gas burners, five in front under-firing 
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Gas-Fired Furnace for Large Stock Such as Propeller Blanks 
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the hearth, five in the rear under- 
firing the hearth, and five in the 
rear firing against the arch. These 
burners are all fed from one mani- 
fold which is run around the fur- 
hace on three sides, carrying an 
air-gas mixture. 

At other furnaces where the 
air and gas pipes are parallel, an 
automatic device controls the flow 


of air and gas simultaneously 


through the movement of two inter- 
locked valves, one cut into the air 
line and one in the gas line. These 
valves are connected by a_ single 
crossbar, so that the movements of 
both are identical; they are moved 
by a connecting rod to a motor- 
driven worm gear. The motor is 
intermittently energized — through 
contacts made on multi-point 
switch by an expanding element 
pyrometer, one end of which pro- 
trudes into the furnace. When the 
furnace temperature is too high, contact is 
made on one point and the motor closes both 
valves, shutting off the fuel supply to the burn- 
ers; conversely, when the heat has dropped the 
fuel flow is restored. Valves are so propor- 
tioned that the volume relationship of air to 
gas for proper combustion is maintained at all 
stages of opening. 

All furnace brick work is encased in steel. 
In size the furnaces range from the large one 
quoted above to small ones for the light work. 
Another type is 10 ft. long, 5 ft. wide, and 6 ft. 
high; heat is supplied with four gas burners on 
each side, half of which fire under the hearth 
and half over. 

One furnace of a semi-muffle type is inter- 
esting. It has a combustion chamber apart 
from the furnace proper and this is’ placed 
below. It is known as the T-type. The com- 
bustion chamber is 5 ft. long, 3 ft. wide, and 
2 ft. high, while the furnace is 5 ft. long, 5 ft. 
wide, and 3 ft. high. It is heated with two gas 
burners, one firing into the front and the other 
into the back of the combustion chamber, the 
hot products of combustion rising up around 
the hearth into the heating chamber. These 
burners are equipped with venturi tubes for 
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7-Type Furnace With Combustion Chamber Located Below Hea 


automatically proportioning the gas and _ air 
mixture by which the furnace atmosphere can 
be controlled. 

The other furnaces closely resemble those 
described and vary only in size, number of 
doors, number and position of the gas burners, 
and kind of temperature control. 

Finally, the completed forgings are heat 
treated and artificially aged to impart the max- 
imum physical properties obtainable in_ the 
alloys. The style of furnaces and the opera- 
tions were described by G. D. Welty in Mera 
ProGress last June. First, or solution heat 
treatment, is done at about 950° F. (the exact 
heat depending on the nature of the alloy). 
Quenching is frequently done in 15‘, caustic 
soda in order to clean the forgings of oxide and 
dirt. After washing in water a 3-min. immer- 
sion in nitric acid) imparts corrosion 
resistance. Another washing precedes restrik- 
ing or coining, and finally the parts are aged 
in large tanks heated to about 280° F. by tn 
jections of superheated steam. 

Figures for strength are merely illustral\\ 
By proper selection of analysis and heat trea! 
ment, a wide range of specifications can now | 


met by aluminum alloy forgings. 
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of rings 
is no test for 


hardness 


A FEW MONTHS AGO, being approached 
by an experimenter who claimed to have de- 
veloped a process for detecting soft: spots in 
bearing races, the Timken Roller Bearing Co. 
of Canton, Ohio (which sponsors numerous 
researches in the University of Michigan’s lab- 
oratories) referred the matter to the authors 
for investigation. The method proposed excites 
the race at its natural or 
resonance frequency and the 
claim was made that the 
presence of a small region 


Ammeter 
deficient in hardness would | 


- 


Alternating Current 


fre- c> 


so alter the natural 


By H. B. Vincent 
and F. A. Firestone 


Dept. of Engineering Research 
University of Michigan 


such defects might be ree- 
ognized thereby and re- 
jected in production. 

If a roller bearing 
race is suspended from a 
cord in such a manner that 
it is free to vibrate and 
is given a light stroke with 
a soft hammer, it produces 
aringing sound. The 
pitch of this musical tone 
is the resonance frequency 
mentioned above. 

In order that such a 
test should be satisfactory, 
that the 


variations due to defects 


it Is necessary 


should be larger than the 

fortuitous variations 

among good parts. To 

determine what this for- 

tuitous variation would 

be, twelve races were 

chosen and the natural 

frequency of cach was 

determined. Case hard- 

ened cups having an outside diameter of 2.8593 

in. + O.OO10 in. 0.0 in. were selected for the 

experiment, each piece first being tested in 

numerous places with a file to insure that none 

of these samples had soft spots on the operating 
surfaces, 

Cups were placed in turn in the equipment 


shown in the sketch. Two light cords stretched 


Alternating Current 
Voltmeter 


queney that) parts having 


‘ 

Vacuum lube 

Diagrammatical Plan of Apparatus Oscillator 
for Testing Resonance Frequency of 
fall Races. Cup or cone rests on 
‘he two taut strings, vibrated mag- 
elically, and the result measured 
the frequency analyzer 
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- Frequency 
Analyser 
Supporting 

Strings | 
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4 
Driving Dickup 
Race, | | 
| 


in a horizontal plane serve to support the race 


between two magnet systems. One magnet, 
carrying in its winding a current from a vacuum 
tube oscillator, serves to excite in the cup a 
vibration whose magnitude increases sharply 
to a maximum as the driving frequency ap- 
proaches the frequency of resonance. Since the 
wall of the cup acts as an armature for the 
second magnet, the voltage generated in its 
winding for the condition of resonance will 
show a maximum response on the vacuum tube 
voltmeter connected thereto. The frequency at 
which this phenomenon occurs may be deter- 
mined by means of the frequency analyzer (or 
by various other suitable apparatus). Although 
no experiments with other supports were per- 
formed, it is certain that the cords, being com- 
paratively light and compliant with respect to 
the race, would produce a negligible change in 


its natural frequency. 
Results of Tests 


While a larger number of test pieces might 
vield a somewhat wider distribution of results, 
the twelve parts tested gave a variation of 
1.2', between the highest and lowest resonance 
frequencies observed as described above. 

To determine the alteration in natural 
frequency which might be expected if a region 
deficicnt in hardness is present, one-quarter of 


the circumference of one of these cups was 


softened in a flame and allowed to cool to roo), 
temperature. Measurements showed that 
softening of this section had increased 
natural frequency by O.A6'. while tests with » 
file indicated that the part heated had lost {x 
surface hardness. Another cup similarly treated 
showed an increase in resonance frequency of 
0.521', when one-third of its circumference was 
softened. 

It is obvious that these parts would be very 
unsatisfactory for use in a bearing vet thy 
variations observed due to softening even these 
large portions of the piece were small compared 
with the random variation in natural frequen- 
cies among good races. Hence it seems that this 
process has no merit for routine inspection of 
such parts in production. 

Neglecting tolerable errors in geometry, the 
method might measure the average hardness. 
However, we have demonstrated that it gives 
very little indication of the distribution of hard 
and soft regions. In a structure such as a bear- 
ing race, made up of a relatively soft and bulky 
low-carbon core enclosed in a quite hard and 
relatively thin carburized case, the averags 
hardness is largely dependent on the carbon 
content of the core. The wearing quality of 
the part depends not upon the average hard- 
ness of the bulk but on the hardness and uni- 
formity of the case. The experimental failures 
quoted above might therefore be predicted from 


purely philosophical conditions. 
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Courtesy The Timken Roller Bearing Co 
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DIFFERENT 


fa as can be—yet all made of 
Alcoa Aluminum... 


; The strong alloys of Alcoa Aluminum went to work with a 

will on these three jobs—Result: 

A subgrade highway tester made of Alcoa Aluminum weighs 

a , only 93 pounds. It is so light and easy to handle it speeds 

up handling operations. And it is so accurate that it can 

ay save contractors hundreds of dollars a mile. This saving 1s 
| sl on the additional concrete usually allowed to cover the 

errors made by the usual “scratchboards™ or testers. 


=a ay An aluminum 10 gallon milk can that weighs only 18 pounds 
A milk can for up-to-date dairies ‘i as against 26 pounds for a can of ordinary constructio 
ws ae And with dairies that handle hundreds of cans that means 
a ee . (om a daily weight saving that can only be measured in tons. 
Furthermore, all these cans of aluminum need no inne! 
we lining and the yearly expense of retinning is eliminated. 
Wea + An aluminum ram for a machine shop shaper replaces one 
made of cast iron. The lighter weight of the aluminum ram 
permits higher operating speeds, increased efficiency. 
{ 7 . The light, strong alloys of Alcoa Aluminum are equivalent 
in tensile strength to structural steel, yet only 1/3 its weight. 
; They can be readily forged, cast, extruded or machined 
UY, | Alcoa Aluminum can be welded or put together with 


aluminum alloy rivets, bolts and screws. And its cost 


« 


TZ) ti comparable to that of other metals which do not have its 

| L/ 7 Large warehouse stocks of Alcoa Aluminum are carried 

L w= p | in principal cities. Write for the name of your nearest 
2 Ie distributor and a copy of “Alcoa Aluminum and Its Al!oys 
ed ALUMINUM COMPANY of AMERICA; 2501 Oliver Builds: 


ol A rom for a _machine sho sha er PITTSBURGH, PENNSYLVANIA. 


Railroads use Alcoa Aluminum 
even in the roundhouse .. . 
In each of 23 doors of a roundhouse on 
the Norfolk and Western, there's a 
weight saving of 757 Ibs. because each 
doorismade of Alcoa Aluminum. Further- 
more, these doors resist the corrosive ac- 
tion of sulphur-laden smoke. They need no 
painting. The cost of maintenance 1s slight. 


| 
Ly 
| 
| 
4 
| ALCOA ALUMINU 


and foreign 


letters 


Turt, Some years ago, the technical 
advantages of the electric furnaces made it 
possible to solve many metallurgical problems; 
the electric furnace could therefore be consid- 
ered as being responsible for much progress in 
metal. In recent vears, on the other hand, the 
more important improvements in the construc- 
tion of electric furnaces have certainly been 
made to meet the difficult’ requirements of 
inany of the new metallurgical products. 

A typical instance is the rapid development 
in Europe of the “Ugine-Infra” self-regulating 
induction furnaces. 

In addition to many conventional processes, 
such as normalizing or case hardening, which 
require a given temperature to be kept approx- 
imately constant, there are many new opera- 
tions that are only possible when a temperature 
(which is often comparatively low) can_ be 
maintained constant within very narrow limits 


‘or a very long time. Among these last proc- 
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esses may be mentioned the 
heat treatment of aluminum 
alloys, the nitriding of steel, 
the age hardening of 
titanium steel and titanium- 
silicon steel. 

Formerly, the best re- 
sults were obtained by using 
gas or resistance furnaces, 
equipped with suitable 
apparatus for automatic con- 
trol. These devices, though 
greatly improved during the 
past few vears, are still ex- 
pensive and complicated. It 
would appear that the Ugine- 
Infra furnace offers a simple, 
reliable, and economical so- 
lution of these operating 
problems. 

It will operate on alter- 
nating current of any voltage 
or number of cycles gener- 
ally available in’ industry. 
Its essential part is a muffle 
made of the proper magnetic 
ferro-alloy, which not only 
contains the work but acts 
as a hollow transformer 
core. This muffle is placed 
in the approximately constant magnetic field 
produced by a surrounding solenoid, through 
which the regular industrial current circulates. 
The mufle is also enclosed in a conductive shell 
of non-magnetic metal, and the magnetic circuit 
is closed, outside the muffle, by laminated cores. 
The solenoid is properly 
insulated against the heat 


Unique and 


to be developed in the 
Aatemett« 


Centrol of 


1 emperature 


muffle, its contents, and its 
non-magnetic sheath. 

In operation, the 
alternating flux passing 
through the magnetic muffle sets up alternating 
currents in the conductive shell, whose intensity 
is a function of the induction of the core. These 
currents, in addition to the Foucault currents 
and the hysteresis losses, heat the metallic 
sheath, and, being well insulated thermally, it 
transmits practically all its heat inward to the 


muffle. When this has reached its magnetic 
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transformation point, 
its induction (and 
therefore the heat 
generated in the non- 
magnetic shell) de- 
creases suddenly. 

From this mo- 
ment the temperature 
of the non-magnetic 
shell or sheath is only 
influenced by the heat generated by the Foucault 
currents and by the effect of the hysteresis cycles 
of the core; if this heat is not sufficient to com- 
pensate for the losses from the furnace, its 
temperature will drop below the magnetic point 
of the core, and the heating process will begin 
anew with strong intensity. The result is that 
the temperature remains practically constant at 
the magnetic transformation point of the muffle 
acting as a transformer core. 

bv proper choice of the alloy used for it 
(iron-cobalt, iron-nickel, iron-cobalt-nickel, or 
more complex alloys) the temperature can be 
fixed at almost any degree between 550 and 
2200) and by choosing an alloy with good 
magnetic reversibility, the temperature will 
automatically remain within 2 or 3° F. Indus- 
trial furnaces of this type are extremely simple 
and strong; the automatic control of the tem- 
perature is absolutely reliable, and independent 
of any external apparatus. 

Temperature can be raised without chang- 
ing the muffle by placing in it pieces of alloys 
having higher transformation points. Heat can 
also be maintained automatically at different 
degrees in different parts by the same methods 
or by making the muffle of several appropriate 
magnetic materials. 

A number of these furnaces have been now 
in operation for a long time, giving complete 
satisfaction, and are consequently increasing in 
popularity in France and in this country. Very 
interesting applications have been made in the 
automatic heat treatment of special steels, where 
the magnetic changes of the muffle and of the 
pieces under treatment) simultaneously and 
automatically control the temperature and the 
movement of the pieces through the furnace, 
the quenching bath and the drawing or tem- 
pering oven. 

Fepertco 
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Senpal, Japan — INveRSE segregation is a 
nomenon occurring when alloys are coo! 
‘rapidly in a chill, in which the component 
higher melting point segregates toward | 
central portion of an ingot, while the my 
fusible partner component segregates along {| 
outer surface, in contradiction to what would 
be predicted by the equilibrium diagram. May 
explanations have already been proposed |) 
several students of the problem, but no defi 
nite conclusion can be derived from them. 

Previous experiments were mostly on solid 
solution alloys with a large solidifying interval. 
On the other hand, Kei lokibée recently investi 
gated simple non-ferrous alloys like tin-zine, 
whose components do not form solid solutions 
and yet have fairly large solidifying intervals; 
since no diffusion is anticipated, it is easier to 
identify the constituents microscopically than 
in complex solid solutions. 

Segregation was determined by chemical 
analysis and confirmed by microscopic exami- 
nation. Densities of the cvlindrical specimens 
of different concentrations were also deter- 
mined, and for some specimens the changes in 
density along the length and radius were also 
studied. Since segregation varies directly with 
the velocity of cooling, the above determinations 
were made both for chill cast and sand cast 
specimens. The principal experimental results 

obtained by lokibe are in- 


cluded in the following 


Mechanism 


four items: 


of verse Inverse segregation 
Scoccgaiten is found in chill cast alloys 


whose component metals 
form no solid solution with each other. In a 
sand casting, the segregation is very small. [hie 
degree of segregation is proportional to the 
solidifying interval of the respective ingots. 

2. Inverse segregation occurs in the tin- 
zine system when dissolved gases are driven 
off by evacuation during melting and _ solidili- 
cation. Segregation is affected little if any b» 
dissolved gases. 

3. Density is smallest at the middle portion 
of the ingots, as well as at the central region 
of each cross-section along the length. This ts 
due to a lack of mother liquid, as was proved 
microscopically by noting the existence of man) 


contraction cavities. 
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!. According to the micro-examination, the 
mount of primary constituent is less in the 
nore undercooled surface than at the center, 
his result agreeing with the results of chemical 
malyses, 

From these facts, lokibe concludes that the 
phenomenon of inverse segregation is connected 
with the very rapid freezing, in an undercooled 
condition, of alloys with fairly large solidifying 
range, and is caused by a movement of the melt 
from the center toward the outer portion so as 
to feed the volume shrinkage (6.5'. for zinc) 
due to the crystallization there of the primary 
constituent. As the result of this outward shift, 
the following two circumstances arise which 
cause inverse segregation in the tin-zine and 
similar alloys: 

1. After the outermost surface is solidified, 
volume shrinkage occurs in the next laver (due 
to the separation of the primary crystals) and 
in order to fill the vacant space thus produced, 
the melt inside flows toward the outside. Mean- 
while, the liquid interior has also separated 
some of the primary constituent in itself, and 
the concentration of the melt thus given to the 
outer periphery would be richer in tin than 
the average composition. Accordingly, the 
more of this volume shrinkage in the outer 
laver, the greater proportion of the melt will 
flow outwards and the final consequence will 
be that the outer crust is formed which is richer 
in tin than the average composition of the 
whole mass. 

2. In the central region which solidifies 
last, the primary crystal is first separated and 
then the eutectic, but owing to the movement 
of the melt toward the outside, a shortage of 


the mother liquid causes many minute voids at 


the boundaries of the primary crystals. In other 


words, the amount of the eutectic fluid is much 


less and the amount of primary zine is normal 


at the center, when compared with the outer 


laver and hence the composition would be, on 
the average, richer in zine. This enhances the 
enrichment of tin in the outer layers of the 
ingot, due to the mechanism described in the 
paragraph just above. 

The same explanation will obviously be 
applied to segregated alloys forming a_ solid 
solution. 

hKorarno Honpva 
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Mancuesrer, England 
-Rorary magnetic 


treatment was first = 


applied to steel in 


F 


February, 1929. Since 


that date innumer- 
able experiments 
have been made and 
all kinds of diflicul- 
ties have been en- 
countered — except one. In no single instance, 
since I adopted the method of investigation by 
serial hardness tests, has the magnetic treat- 
ment failed to set up hardness fluctuations in 
the steel. In no single instance were the hard- 
ness changes such as could be attributed to 
experimental error or to local variations, 

Against this body of experimental evidence, 
Mr. Harrington in the last issue of Mera 
ProGress quotes two experiments which were 
unsuccessful. Unfortunately, he has given no 
data on the strength of the magnetic field or of 
the magnetic induction in his specimen. 

It seems clear that for a given quality of 
steel there is a somewhat narrow range of field 
strength which is effective. A weaker field sets 
up fluctuations which are quite definite but 
feeble. Too strong a field, on the other hand, 

sets up fluctuations 


of another character 


Te Harden Metal 
Magnetic Field 
Mast Be Correct 


and its effect is quite 
definitely a softening. 

All my early ex- 
perimental work was 
done with a magnet whose strength, by a for- 
tunate coincidence, fell within the critical range. 
Mr. Harrington has apparently been less for- 
tunate. The pendulum hardness tester may 
reveal changes of which other instruments 
would give no indication, but there is evidence 
that the changes in question are capable of 
being measured by other hardness testers. The 
hardness fluctuations in freshly quenched car- 
bon steel and those resulting from rotary 
magnetic treatment have been investigated and 
confirmed in England by the use of the Vickers 
diamond pyramid test. 

It becomes increasingly clear that the hard- 
ness fluctuation set up by rotary” magnetic 
treatment is not an isolated phenomenon but 


one which is of very wide occurrence. Similar 
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periodic fluctuations in duralumin, in freshly 


quenched steel, or in superhardened steel, in- 
duced by thermal, mechanical, and magnetic 
processes, have been found to be susceptible 
of magnetic stabilization by the use of the 
constant field. It is therefore probable that all 
are essentially similar. Their occurrence has 
been confirmed by Brinell, Rockwell, and Vick- 
ers testers, and the scleroscope. 

Finally —this is not a new nostrum for 
hardening metal, but a newly discovered prop- 


erty of matter. Epwarp G. Herserr 


J. PERHAPS 


Makers of 


many readers would be inter- 


Stainless ested in a list of American 
Castings foundries making corrosion- 


resistant castings of high 


chromium alloys. Such a list is given below, 
together with a letter representing the licensing 
organization, “A” American Stainless 
Steel “C” 


“kK” means Krupp Nirosta. I have also indicated 


means 


means Chemical Foundation, and 


the firms using high frequency induction fur- 


naces by an “X,” they being five in number. It 
should be remembered that this list is of licensed 
castings manufacturers; a few of them also 
make rolled, drawn, or forged products. 


B. F. SHeeuerp 


FREIBERG, Germany — Importance of “Electron 
metals was briefly discussed by Dr. Giolitti 

In this connection H 
Mines 


He studied the saturatio; 


January Merat ProGress. 
Seeliger’s work at Freiberg School of 
should be of interest. 
limits of the important solid solutions formed 
of magnesium and low percentages of zine and 
of aluminum (shown at magnified scale at th: 
right of both diagrams herewith). 

Saturation limits of the alpha and delta 
solid solutions respectively have been repeat- 
edly investigated metallographically; neverthe- 
less, the curves in the two diagrams are quit: 
different. It is therefore possible that the pre 
cipitated particles have not coagulated suflici 
ently to form grains 


S olubilis, 
of Zinc and 


Al im 


observable under the mi- 
croscope, 

Now, however, an 
accurate determination of 
the lattice 
means of X-rays permits 


constants by Magnesium 
us to analyze the structure present before the 
crystallizing particles of excess constituent have 
reached microscopic size. 

For accuracy, suitable reflections should 
be obtained with the greatest possible angle of 
deflection. Accordingly, a camera is used in 
which the film is perpendicular to the incident 


ray between the X-ray tube and the substance 


Foundries Making High Chromium Alloy Castings, Corrosion Resistant 


Babcock & Wileox Tube Co., Beaver Falls, Pa. 
C-K-X 

Brighton Electric Steel Casting Co., Beaver Falls, 
Pa. A 

Calorizing Co., Pittsburgh K 

Chapman Valve Mfg. Co., Indian Orehard, Mass. 
A-K 

Chrome Alloy Products, Ine., Nicetown, Pa. A-K 

Cooper Alloy Foundry Co., Elizabeth, N. J. A-C-Ks 


Crucible Steel Castings Co., Cleveland G 
Driver Harris Co., Newark, N. J. C-K 
Duraloy Co., Pittsburgh A-€ 

Duriron Co., Dayton, Ohio K-X 

Electric Steel Foundry, Portland, Ore. Kx 
Empire Steel Casting Co., Reading, Pa. A 
Enterprise Foundry Co., San Francisco Cc 
Forging & Casting Co., Detroit c 

General Alloys Co., Boston C-K 

General Metals Corp., San Francisco iN 
Hartford Electric Steel Co., Hartford, Conn. A 
Ingersoll Steel & Dise Co., New Castle, Ind. : 


Interstate Foundry & Machine Co., Johnson City, 
Tenn, K 

Lebanon Steel Foundry, Lebanon, Pa. A-C-X 

Michiana Products Corp., Michigan City, Ind. A-C-K 
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Michigan Steel Casting Co., Detroit Cc 

Midvale Co., Philadelphia A-C-X 

Millbury Steel Foundry Co., Millbury, Mass. iN 

Milwaukee Steel Foundry Co., Milwaukee C-k 

Monarch Foundry & Engineering Corp., Stockton 
Calif. 

Ohio Steel Foundry Co., Lima, Ohio C 

Pacific Car & Foundry Co., Seattle, Wash. iN 

Pacific Foundry Co., San Francisco iN 

Riverton Steel Co., Pittsburgh 

Shawinigan Stainless Steel & Alloys, Shawinigan Falls 
Que. 

Sivver Steel Casting Co., Milwaukee A-C 

Standard Alloy Co., Cleveland iN 

St. Joseph Electric Steel Casting Co., St. Joseph, Mi h 


iN 

Svimington Co., Rochester, N. Y. C-K 

Taylor Wharton Iron & Steel Co., High Bridge, % J 
C-K-X 

Texas Electric Steel Casting Co., Houston, Tex. hk 


Union Electric Steel Corp., Pittsburgh A-C 
Union Spring & Mfg. Co., New Kensington, Pa. \ 
Warman Steel Casting Co., Ltd., Los Angeles IK 
Wehr Steel Co., Milwaukee A 

West Steel Casting Co., Cleveland C-K 
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Zine-Magnesium Equilibrium Diagram 


being analyzed, and so placed that only rays 
reflected at a wide angle reach the film. 

Computation of the concentration limits at 
different temperatures should naturally be based 
upon a knowledge of the general structural 
changes of the solid solutions up to the highest 
possible contents of zinc and aluminum. Since 
solid solutions have the highest possible alloy 
concentrations at the eutectic temperature, as is 
apparent in the diagrams, samples of composi- 
tions with varying zine (or aluminum) content 
were melted at the eutectic temperature, held 
at 651° F. and 817° F. respectively, quenched 
from this temperature in water, and the struc- 
ture observed. 

lor quantitative determination Seeliger 
used the Debye-Scherrer ring of reflections 
made by the Kea, radiation from the crystal 
planes (1,0,-1,5) and (1,1,-2.4) and by the Kp 
radiation of iron from (2,1,-3,3) planes. Lattice 
dimensions (lengths of the upper edge ¢ and the 
lower edge a of the six-sided elementary prism, 
ascertained by solution of the Bragg reflection 
equation) show a linear decrease from pure 
magnesium with increasing additions of zine 
and aluminum respectively, up to about 3.28 
atoms per cent zine (8.47) by weight) and 11.0 


atoms per cent aluminum (12.1% by weight) 
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these concentrations corresponding to the be- 
ginning of the eutectic range — after which 
they are unchanged. The lattice contracts with 
increasing alloy content, this contraction being 
more marked for zine than for aluminum. 
These straight line relationships between 
lattice size and crystal parameters are fixed by 
the following points. Intermediate determina- 


tions, when plotted, fall very close to the line. 


LATTICE DIMENSIONS IN ANGSTROM UNITS 


a 
M 5.20 5.20 
Mg+ 3 atoms % Zn 5.189 5.179 
Mg t atoms % A/ 158 35. 14 


In order to determine the solid solubility 
line, good homogeneous samples, supersaturated 
with zine and aluminum respectively, were 
heated a suflicient time at various constant 
temperatures from 300° to 750° F. to precipitate 
the surplus zine or aluminum. By quenching 
in water these conditions can be fixed at room 
temperature. 

After ascertaining the lattice constants of 
samples so treated, the concentrations of the 
various solid solutions can be taken directly 
from the information on solid solutions derived 
at the outset. The results are shown in the 
equilibrium diagrams as small circles. The 
exact form of the curve is given in the following 


table: 


Saturation Concentration 
noereture 
Temperature Dorlont by Meight 
oC oF | Zinc Aluminum 
] 

150 J02 2.60 
200 592 00 520 
a. 0 529 10 
572 6 00 5.50 
344 651 - 
J50 662 - 7.52 
G56 817 - 12.10 


The probable course of the solidus line 
at higher temperatures is indicated by a broken 
line. From the position of the curve at lower 
temperatures a solubility at room temperature 
of about 1% zine and 2°. aluminum is found; 
the latter is considerably lower than the value 
formerly accepted. 

Ep. MAURER 
W. Biscuor 
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Lonpox, England 

Nirrive hardening has 
received a great deal 
of discussion in tech- 
nical literature in re- 
cent times both in 
America and in this 
country, but it seems 
that there is still 


much to be discov- 
ered concerning the process and its mode of 
action. Use of nitride hardened steel is spread- 
ing somewhat slowly in this country, partly, no 
doubt, because of existing industrial conditions 
and partly also because confidence in the prod- 
uct is not vet completely established. There is 
no doubt as to the hardness and wear-resisting 
qualities of the surfaces when prepared on 
suitable steels. Misgivings arise, however, in 
regard to the brittleness of the coatings. 

It has been suggested that a development 
of the process which would produce a tougher 
surface layer, even if the hardness were dimin- 
ished considerably, would constitute a valuable 
advance and there is some hope that this may 
be achieved. It is also hoped that the limitation 
which requires the use of a special alloy steel 
containing aluminum 


may be overcome. Endurance of 
Steel With a 


Nitrided Case 


At the recent meet- 
ing of the Iron & Steel 
Institute in London Dr. 
Fry of Messrs. Krupp, 
who is the originator, presented a very inter- 
esting paper on the nitride hardening process. 
It is possible to touch here upon two of the 
points which he raised. 

One of these is the question of how the 
extreme hardness of the surface layer is pro- 
duced. Dr. Fry definitely ascribes it to a 
precipitation process of the same nature as that 
which occurs in the well-known phenomena of 
age hardening. His view appeared to be that 
the formation of the nitride (especially alumi- 
num nitride) causes a severe disturbance of the 
space lattice of the ferrite in which it is em- 
bedded, and this disturbance becomes so severe 
that the iron is raised to the maximum possible 
degree of hardness of which it is capable, con- 
siderably exceeding the hardness of martensite. 


In accordance with this view is the fact that 
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martensite itself is capable of further hard: 
ing by cold work, which is believed to increas 
the lattice distortion of the alpha iron prese; 
in the martensite. On the other hand, the ey 
dence available to prove Dr. Fry’s theory 
nitride hardening appears to be scanty. 

We should expect to find that X-ray spectra 
taken from the surface layers of nitrided stec! 
would show extremely diffused lines owing to 
the supposed violent distortion of the lattice: 
vet Dr. Fry himself reported in his paper results 
of X-ray examination by other workers in which 
there were no indications of serious lattice dis- 
tortion. It is, of course, possible that what we 
understand by “lattice distortion” need not 
necessarily imply a geometrical disarrangement 
of the atoms on the lattice, but may consist in 
such a disturbance of the electrons (supposedly 
holding the atoms together) that the normal 
processes of slip are hindered or prevented. A 
disturbance of this kind might occur without 
seriously affecting the X-ray spectrum. There 
is reason to believe that under certain conditions 
the age hardening of aluminum alloys may 
occur in some such manner, since cases have 
recently been discovered in which an age hard- 
ened aluminum alloy shows little distortion of 
the lattice as determined by X-rays. 

On the other hand, it is possible that the 
true explanation of nitride hardening is de- 
pendent upon the formation of crystals (which 
may be extremely minute) of a hard body such 
as iron nitride. At first sight this problem ap- 
pears to be of purely academic interest, but if 
we are to control the nitriding process so as to 
obtain less brittle coatings, a knowledge of the 
mechanism is of first-rate importance. 

The second point in Dr. Fry’s paper relates 
to fatigue resistance. Tested by the Wohler or 
alternate bending method the nitride hardened 
steel shows improved endurance as compared 
with the same steel in the untreated condition. 
The same applies to a slightivy lesser extent to 
ordinary case hardened or carburized steel. 
This is to be expected from the fact that under 
bending action the most severe stresses are 
developed in the outer skin; hardening of this 
outer skin will bring with it improved resist- 
ance. It was pointed out in the discussion, 
however, that this improved resistance could 


not be expected and was, in fact, not realized 
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en the nitride hardened steel was subjected 
direct push-and-pull stresses (such as occur, 
- example, in the piston rod of a Diesel en- 
ne, to which Dr. Fry had specifically referred). 
Nitride hardened steel, however, retains 
even under these conditions the great advantage 
that it is more resistant to corrosion fatigue 
than untreated steel. Since corrosion fatigue 
is apt to occur where it would scarcely be looked 
for, this advantage is important and may give 
a field of usefulness to nitride hardened steel 
which is independent of the actual high surface 
hardness. This also raises the question whether 
it is not possible to increase the corrosion fatigue 
of steel surfaces by other forms of treatment, 
such as cementation with other elements, which 
might avoid some of the disadvantages attaching 
to the nitriding process. 
WaLrTer ROSENHAIN 


Panis, France — Most of the numberless pub- 
lications on corrosion measure its results by 
loss of weight. A heedless generalization of 
such a method must be avoided, though it 
obviously is the simplest and easiest. For in- 
stance, it cannot be employed to determine 
degree of tarnish on chemical resistant alloys, 
and it has the added disadvantage of interrupt- 
ing the reactions, which may deeply disturb the 
progress of the phenomenon. 

As an example, the writer, jointly with M. 
Sanfourche, recently showed that an 18-8 stain- 
less steel, corroded in phosphoric acid solution 
containing a small quantity of hydrochloric 
acid, became passive for several hours after 
interrupting the corrosion to make a weighing, 
and it was consequently impossible to plot a 
time-corrosion curve by such means. 

What is to be emphasized is this: That 
the methods of appraising the damage done by 
corrosion must essentially depend upon the 
nature of the chemical or physical actions 
involved. Five principal modes may be singled 
out; they are: 

1. Uniform solution. The metal is reduced 
‘0 thickness the same all over as when copper 
‘s dissolved in nitric acid, or magnesium in 

itric acid. In such cases it is logical to 
ieasure the effect by the loss of weight or, 
vetter, the depth of corrosion. 
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2. Localized 
corrosion in pits or 
seams. The surface 
is studded with in- 
dentations and be- 
comes at length quite 
wrinkled or pock- 
marked. The effect 


on the mechanical 


properties is not pro- 

portional to loss in weight, since the pits act 
as notches and considerably reduce the capacity 
for deformation and consequently the elongation 
and contraction of area in a tension test. This 
kind of corrosion is a statistical phenomenon. 
For the same loss in weight a tank sheet may 
undergo a negligible superficial thinning when 
the corrosion belongs to class 1, or be useless 
owing to perforation when the corrosion be- 
longs to class 2. Other instances of this second 
kind of corrosion are aluminum and duralumin 
exposed to salt water. 

3. Subsurface corrosion. This develops in 
depth and provokes either flaws or the chemical 
transformation of a constituent. The typical 
case is “graphitization” of cast iron in sea water 
which in time transforms it into a product 
having no cohesion, when its appearance, even 
the tool marks, remains 
unaltered. Variation in 


Method of 
Determining 


Ett ects of 


Cerrosion 


weight is evidently of no 
use to measure this phe- 
nomenon, 
1. Corrosion crack- 
ing. Under the influence 
of particular reagents, some metals and alloys 
spontaneously crack, and the cracks are propa- 
gated between the crystalline grains. The metal 
has lost its resistance and there exists no relation 
between the loss in weight and the amount of 
the deterioration. The classical case is cold 
worked brass which cracks when exposed to 
mercury salts or sundry products containing 
ammonia. Other examples are cold worked 
aluminum in sea water and the intercrystalline 
corrosion of chromium-nickel stainless austen- 
itic steels, quenched and tempered and im- 
mersed in acid solutions of copper and iron 
sulphate. Fora precise example: A 2-mm., sheet 
of steel containing 18) Cr, Ni, ©, 


exposed to the above conditions was altered to 
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such a degree as to break immediately when 
attempting to bend it; the sheet had become 
friable and was consequently of no use, though 
its loss in weight corresponded to a thickness 
reduction of 0.05 mm., an amount which should 
have no measurable effect on the mechanical 
properties if it had been uniformly dissolved. 
Such alteration is not easily detected even when 
the surface has been polished to a mirror; a 
measurement taken with a photo-electric cell 
showed a loss of 21% in the reflective power; 
if the surface had previously been sanded, noth- 
ing could be seen. The most effectual mode of 
testing after such corrosion is the qualitative 
one of striking the piece and listening to the 
note it gives forth; an unattacked sheet is sono- 
rous, Whereas an attacked sheet gives a sound 
as hollow as would lead. 

Specific brittleness caused by corrosion. 
Sometimes some specific property of the metal 
may be altered by an external chemical influ- 
ence without any loss in weight. Examples are 
the brittleness of mild steel induced by chemical 
influences which evolve atomic hydrogen when 
brought into contact with it. Here, also, the 
loss in weight has no significance. 

Thus, among the above five kinds of cor- 
rosion, the first alone may be appraised by 
measuring the loss in weight, and it is far from 
being an every-day occurrence. The problem 
may be solved better by comparing the altera- 
tion of some judiciously chosen physical prop- 
erty (which depends on the case investigated 
and may be loss in weight, brilliancy, or sonor- 
itv) and the corresponding change in a given 
mechanical property, such as expansion, tensile 
strength or hardness. Finally, this must be 
correlated with the results of experience. 

ALBERT 


| 


Hartrrorp, Conn. Ty 


Edees of 
Geod and 
Bad Razors 


magnifications, showing the characteristics 


who read the editorial e 
ment on razor blades in | 
April issue may be int 


ested in these photos, at | 


some razor edges met daily on the market. Oy, 


pair shows the edge as normally viewed, and i 
cross-section, respectively, of a blade from 4 
lot which performed satisfactorily. Similar 
views of another blade from a lot which gave 
relatively poor results show an uneven and 
hooked edge. It is obvious why one blade js 
better than the other. 

Such things as the quality of the steel, 
hardness, microstructure, perfection of the edge, 
angle of edge, and thickness of stock, all influ- 
ence the “shavability” of a blade. The variation 
in quality, blade to blade, even in the same 
package, indicates the difficulties encountered in 
controlling all these factors simultaneously, in 
production routine. 

With regard to magnetic sharpening: Thy 
writer has been unable to discern any improve 
ment in blades so treated. Prof. Mecheelhan 
also reports in Physics (December, 1931) no 
definite evidence of magnetic sharpening in lests 
which he made. However, the improvement 
ascribed to the use of the magnet is probably 
real when it causes the user to clean and dry 
his blade more carefully after each shave. Care 
in this respect usually leads to more satisfactory 
shavability and longer life of the blade. In fact, 
the satisfaction afforded by some of the alloy 
blades appears to be due largely to their cor 
rosion resistance, which practically eliminates 
deterioration of the edge from lack of caretul 


cleaning. 


James J. Curran 


Condition of Edges (Viewed at 100 Magnifications) of Commercial Safety Razor Blades 
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Yield Point STOCKHOLM, Sweden — 
J A GOVERNMENT commit- 

In luded in tee recently proposed to 
New Swedish insert provisions con- 
§ pecifications cerning the yield point 
in standard specifica- 

tions for structural steel for buildings and 
bridges to be used among others by the Swedish 
State railways. It preferred the “lower yield 
point” to the “upper yield point,” as the lower is 
generally supposed to give a more correct indi- 
cation of an inherent property of the material. 
In Sweden (as in America) we generally 
define the yield point as the unit load where a 
marked stretch occurs without any increase in 
the stress required to produce it. This defini- 
tion, however, does not tell the whole story, as 
seen from an accurate stress-strain curve for a 
mild carbon structural steel. Load u marks 
the upper yield point and 

— a—| / the lower yield point; the 

| distance a may be called 

y the vield range. 
This proposal to spec- 

ify lower yield point has 
caused a good deal of dis- 
cussion. While the fundamental impor- 


tance of knowing the yield point for 


structural steel was recognized, doubts 
were expressed as to the advisability of 
stipulating definite requirements at the present 
moment. It was only recently that it was proven, 
by the use of autographic testing machines, that 
the lower yield point is a characteristic property 
of the material. Furthermore, its relationship 
to different manufacturing operations and to 
the conditions under which the test is carried 
out, was not sufficiently well understood to 
warrant including it into acceptable standard 
specifications. 

The research council of Jernkontoret there- 
fore decided to place funds at the disposal of 
Axel R. Lundgren of the Swedish Government 
Testing Institute to investigate the yield point 
of structural steel. Steels studied by him were 
delivered by three mills, taken from seven dif- 
ferent heats. Two groups of standard structural 
steel were represented, namely, St 37 and St 44 
vith tensile strengths 37 to 45 and 44 to 52 kg. 
er sq.mm. respectively (53,000 to 64,000) and 


000 to 74,000 Ib. per sq.in. respectively). Four 
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of the materials were rolled into shapes rang- 
ing in size from “,-in. round to 1x5-in. flats, and 
three of the heats were rolled into plates from 
%. to 1 in. thick. Typical analyses are given in 
the table. 


"ag Mn Si 
St 37, killed O10 | O33 | O15 | 0056 
St 37, non-killed | 0.17 058 | | O03? 0.055 
St 44 killed 127 052 0.18 0.042 0.046 
St 44, non-killed 127 | 050 | OOr 0029 | 0038 


Test bars of several dimensions were em- 
ploved and several rates of extension were 
tried. A detailed account of the results is given 
in Jernkontorets Annaler, October, 1931. 

Lundgren studied in detail the yield range 
of the stress-strain curve. The appearance of 
this range varies widely; ten different types of 
diagram were observed. In plate materials the 
upper and lower yield points were quite close 
together. Round test bars often gave very irreg- 
ular diagrams, difficult to interpret. Otherwise, 
no marked relation was found between the 
form of the test bar or the quality of the material 
and the type of diagram obtained. 


When the testing speed was not too high, 


corresponding to an increase of stress smaller 


than 40,000 Ib. per sq.in. per min., a good 


agreement was found in the values obtained for 


one and the same material, irrespective of the 
dimension of test bar used. According to 
Lundgren the probable accuracy of a single test 
made at moderate speed is as follows: 
Upper yield point, 3,000 Ib. per sq.in. 
Lower yield point, 1,800 Ib. per sq.in. 
Tensile strength, 1,400 Ib. per sq.in. 

The relation between vield point and tensile 
strength was found to vary within fairly wide 
limits. Most of the tests, however, passed the 
proposed requirements of a minimum lower 
vield point of 31,500 Ib. per sq.in. for the 60,000- 
Ib. steel and 37,000 Ib. per sq.in. for the 70,000- 
Ib. steel. On the basis of Lundgren’s investiga- 
tion Jernkontoret also recommended that the 
allowable spread be increased from the origi- 
nally proposed 3° to +5‘,, and this recommen- 
dation was adopted. 

This is probably the first time that yield 
point has been specified in standard specifica- 
tions for structural steel. 

Einan OHMAN 
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German ship builders 


use arc welding 


extensively 


Ss. WELDING, as developed during the 


last few vears, has become a most interesting 
chapter in the history of German shipbuilding 
and metallurgy. The great impetus is prob- 
ably due to the needs of our navy, for, 
according to Capt. Hermann Lott, twelve de- 
strovers and three cruisers (including the Ersatz 
Preussen launched last spring) have successively 
used an increasing amount until finally the 
entire ship was wekied with the exception of a 
few parts. As many as 100 gas welders and 
cutters and 200 are welders were employed on 
this work. The cost of welded ships was about 
3° lower than that of riveted construction, but 
the prime saving was 12 to 17% of the weight. 

In Germany the first ship welding was done 
on war vessels, and this innovation was due 
to the Versailles Treaty which sharply limited 
the size of the combat units and which therefore 
compelled designers to obtain the maximum 
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By Hans H. Diergar! 


Schweinfurt, Germa 


performance small 
ships. The results have been 
so satisfactory that the mer- 
chant fleet is beginning {(o 
use this method of construc- 
tion. The German Lloyd and 
British Lloyd have both pub- 
lished general specifications 
for the use of electric weld- 
ing in ship construction, and 
vessels built to conform to 
these rules are given the 
highest registration. It is un- 
likely that the new process 
will ever be abandoned. The 
latest’ cruiser particularly 
shows its great advantages. 

While the Deutsche 
Werke Kiel is probably fore- 
most in the study and prac- 
tice of ship welding, other 
firms such as Blohm & Voss. 
Deschimag (a merger of five 
vards) and the government 
vard at Wilhelmshafen have 
also promoted the idea vig- 
orously. In a paper entitled 
“Electric Welding in the Construction of Sea- 
Going Vessels,” read in Glasgow at the February 
1931 meeting of the Institution of Engineers and 
Shipbuilders in Scotland, G. Wahl of the first- 
mentioned firm reported the following achieve- 
ments since 1925: 

In 1927 a 55-ft. motorboat was built for the 
company’s use (completely welded). 

1926 to 1929 witnessed the construction o! 
the cruiser Karlsruhe for the German navy, 
partly welded. 

At the same time two naval tankers were 
completely welded. These were motor-drive! 
sea-going vessels, about 130 ft. long with 27-!! 
beam. Six tanks were amidships with a capacit) 
of about 900 short tons. 

In 1930) an 
It was 310 ft. long, 50-ft. beam 
Deutschland was 


It was only partly welded 


ice-breaking car-ferry wes 
partly welded. 
The armored ship 


launched in 19381. 
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t by this means such good advantage was 
ken of the permissible weight that foreign 
servers had much to say about this “pocket 
ittleship.” 

In 1930 and 1931 the tankers Vardaas and 
ljordaas were built under the rules of Lloyd's 
Register of Shipping. Tank hatchways, auxili- 
ary engine and machine foundations, gangways, 
cabins, and similar structural parts were electric 
welded. These ships had a tonnage of 13,000 
and 12,000 respectively. 

The cruiser Ersatz Preussen was launched 
in May, 1931. 

Besides the above-mentioned ships electric 
welding has recently been used in a_ large 
amount of repair and reconstruction work, par- 
ticularly on barges. 

Deutsche Werke Kiel owns about 75 port- 
able and 20 stationary are welding machines. 
As many as 130 trained men were emploved at 
the peak of construction; at present there are 


still 50 welders engaged. When feasible each 


is allotted his own welding machine which he 
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keeps as long as he is employed. In this way 
the welder is responsible for his own equipment, 
and one cause of uncertainty in the results is 
definitely eliminated. 

Welders trained in the years 1925 to 1928 
were taken from other trades, such as black- 
smiths, foundrymen, machinists, and ship- 
wrights. A special training program lasted 8 
or 10 weeks and ended with a regulation exam- 
ination. The men so trained were next em- 
ploved on minor fittings in the shop, and after 
further practice in overhead welding and weld- 
ing of vertical seams, were assigned to work on 
the hulls. 

In the construction of the two naval oil 
tankers the thickness of the plating was reduced 
below that required for riveting, and many de- 
tails and connecting angles were eliminated, as 
may be seen in the comparative designs (repro- 
duced from an article in Werft Reederet Hafen 
by Naval Architect Malisius). Since a welded 
butt joint is at least equal to the strength of the 


plate itself, one might theoretically decrease the 


From an Etching by Otto Kuhler 
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General Drawing of a Transverse Bulkhead for a Tanker of 27-Ft. Beam. Riveted design at left requires 


many details at connections which are avoided 


thickness of the plate to a figure which cor- 
responds to the strength of the plate weakened 
by rivet holes. This reduction due to rivet holes 
is about one-quarter the original thickness. In 
order to withstand impacts when docking and 
tor other reasons, however, the thickness of the 
plate is reduced only about 1 mm. — say from 8 
to 7 mm. (0.31 to 0.28 in.). All parts of the 
oil tankers were joined by electric welding, and 
riveting was used only to join the shell plating 
and the center bulkheads to the keel, and the 
shell plating to the deck. 

Such welding was authorized on the basis 
of experience gained at Deutsche Werke Kiel 
that joints made with a standard electrode pos- 
sess the same strength as ship steel, although 
tension test pieces cut from a block of weld 
metal showed a lower elongation. 

It should be noted that welded ships have 
the advantage of being less sensitive to vibra- 
tion than riveted ships. This is explained by 
the fact that a welded ship is a single unit and 
acts as such. This principle of continuity of 
metal at joints has also been used to advan- 
tage in the construction of bridges and large 
buildings. 


62 


in welded construction. Thickness of plates in mm. 


The decisive factor in the introduction of 
welding to ship construction is a comparison 
of cost and weight. Engineers for the Deutsche 
Werke Kiel computed accurately the weight of 
the welded design for the two oil tankers and 
compared them to a riveted one of the same 
size, as given in the German Lloyd tables. 

A representative set of results follows. The 
total weight of steel for the hull, without equip- 
ment, was 233 short tons for the riveted vessel, 
and 160 tons for the welded one. The saving in 
weight was therefore 73 tons or 32° of the 
weight of the riveted ship. Four tons more is 
saved in the fittings, so that the welded oi! 
tanker is about 77 short tons lighter then the 
riveted tanker. If some additional cast iron 
equipment were to be made of welded steel, a 
still further saving would be made. 

The above-mentioned tanker will carry 660 
short tons of oil with permissible freeboard. 
The riveted one of the same over-all dimen- 
sions, which is 77 tons heavier, thus has a 
capacity of only 583 tons. If, in order to arrive 
at a correct comparison, a riveted ship with « 
capacity of 660 tons is designed, it must be 9 f! 


longer, and this increase in length corresponds 
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»? tons dead weight. The riveted vessel with 

40 tons carrying capacity thus has about 90 
wns more displacement than a welded ship of 
he same cargo capacity. Figuring the cost for 
these ships of the same cargo capacity, it is 
found that a welded ship can be built today 
cheaper than a riveted one, and past experience 
indicates that the favorable ratio of cost of 
welded to riveted ships will increase. 

Before any ship welding was undertaken 
by Deutsche Werke Kiel many laboratory tests 
were made. G. Wahl has described the test 
pieces in Die Schmelzschweissung. 

When the weld is at right angles to the axis 
of the specimen, the plate material necks down 
on either side and breaks, as illustrated. 

If the weld itself constitutes the axis of the 
test piece, the specimen may be said to consist 
of three parts, two strips of ship plate being 
joined longitudinally to either edge of a third 
strip of weld metal. In such a piece the first 
fracture occurs in the center bar of weld metal. 
As the load is increased this hole enlarges with 


Section A-B 


10mm. = O04 in 


Butt Welded Test Piece Breaks in the Plate 
Because the Weld is Stiffer and Stronger 


increased reduction of area of the outer strips 
of more ductile ship plate until they break. 

This he explains as follows: 

“Since the elastic limit of the outer strips 
of steel (31,000 to 38,000 Ib. per sq.in.) is lower 
than that of the center strip of stiffer weld 
material (41,000 Ib. per sq.in.) the edges start 
to elongate rapidly before the center bar of 
weld material passes its yield point. Therefore, 
as the load increases, the weld metal carries 
more than its share of the load. The general 
extension at the necking-down portion soon sur- 
passes the maximum elongation of the weld 
material (normally 5°) and it breaks. After 
this occurs the greater ductility of the ship steel 
‘normal elongation 20°) causes the outer strips 
of steel to elongate further before they break, 


thus opening the holes in the joint.” 
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The position of the weld in the first- 
described test is the same as at the abutting 
ends of a sheet; it follows that: 

“A weld transverse to the direction of pull 
has at least 100° the strength of the cross- 
section of the plate. The butt of the outer shell 
‘an therefore lie at the centerline of a main 
frame. This location has the further advantage 
of protecting the weld by a reinforcing strap 
inside the butt joint.” 

From tests on longitudinal welds as de- 
scribed in the second test piece, it was decided 
that welds running lengthwise of the ship must 
be avoided in highly stressed parts; they are 
permissible only in parts subjected to mod- 
erate strain. Where highly stressed longitudi- 
nal joints are unavoidable, then ordinary riv- 
eting should be used. 

After considering the problem from various 
aspects, it was decided that only butt welds 
need be used, thus eliminating laps, joggled 
joints, and scarfing. The two latter are espe- 
cially expensive. The first experimental motor- 
boat was built in this manner in 1927. 

One important point is to reduce the con- 
traction strains to a minimum. Direct current 
ares seemed to give a more reliable joint than 
alternating current and equipment of this sort 
was obtained from five firms. After the welders 
became familiar with these machines, they suc- 
ceeded in reducing the strain on seams to a 
minimum. 

Procedure now is as follows: The workmen 
tack-weld the assembly of plates at several 
points. Each seam is then welded, beginning 
at the center of the joint. If severe strains 


occur the tacked points will tear apart; weld- 
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When Test Piece Has a Weld Down Its Axis First 
Fracture is in the Weld, Because Elongation of More 
Ductile Edges Throws Excess Load on Central Strip 
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ing of the adjusted seam can then be finished 
so the whole section will be free from exces- 
sive strain. Plates are originally laid together 
with a space between about 
the thickness of the welding 
wire. The tacked places are 
spaced about 314 in. apart. 
When erecting a hull the 
bottom plates are first laid on 
the empty scaffold and tacked 
at the required distance. Many 
parts, such as frames, girders, 
and bulkheads, which were 
fabricated in’ the shop, are 
then taken to the ways and 
welded together, Lastly fol- 
lows the welding of seams and 


butts in the outer shell. When 


all the welding is completed, Courtesy Allis-Chaimers 


the riveted joints are driven. 

Especial consideration has been given to 
the selection of electrodes. It had first to be 
decided whether it was better to use bare or 
dipped welding wire or coated electrodes. The 
last mentioned are expensive and fragile, and 
require a special technique, and were therefore 
eliminated from consideration. It seemed that 
cither bare or dipped wire would give satisfac- 
tory results in the hand of an experienced 
and careful worker. 

The welders trained at the Kiel shipyards 
have become most familiar with dipped elec- 
trodes. These have a very thin coating, less 
than 0.01 in. thick; the dipping can be done at 
a cost of about le per Ib. Since, however, the 
dipped electrode gives a reliable joint, and since 
contamination of the weld by nitrogen and oxy- 
ven is largely avoided, the Deutsche Werke Kiel 
now uses them exclusively. On the other hand, 
the Wilhelmshafen navy yard has continued 
with bare wire. 

When plate of higher strength than the 
standard ship steel is to be welded (such as the 
80,000-Ib. steel used for battleships) the stand- 
ard dipped electrode is unsatisfactory and a 
special coated electrode must be used. How- 
ever, since the coating usually introduces slight 
irregularities into the joint, it is avoided wher- 
ever possible. A special dipped electrode has 
been used which will form an alloy steel joint 


giving the necessary tensile strength. 
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Methods used for testing the completed 
work are particularly noteworthy. Six differ- 
ent methods of inspection have so far been 
devised. The first and 
plest is the examination, dur- 
ing and after welding, by an 
inspecting engineer. This re- 
quires, of course, seasoned 
experience and special know!- 
edge of welding procedure 
and the outer appearance of a 
sound weld. 

The second test is the 
water pressure test. It is used 
frequently for battleships. It 
is applied to merchant ships 
only in certain special cases. 
If a leak is revealed, this part 
Co. of the seam should be re- 

moved and rewelded, even if 
it seems permissible to peen or calk it. 

Third is X-ray examination, which is sel- 
dom used and then only when the weld is easily 
accessible. 

Fourth are some newly developed electrical 
methods which are similar in principle to Sper- 
ry’s methods of rail testing. 

Sometimes the joint is ground flat at vari- 
ous spots and the quality judged by the struc- 
ture revealed. This is rather impractical, sinc 
individual bad spots are hard to find. 

Small launches or boats weighing less than 
the capacity of floating cranes can be dropped 
several feet into water when they are launched 
If a ship resists this test, it is considered to hav: 
excellent strength. However, it is impracticabl 
for large craft. 

German engineers place most reliance in 
the careful examination of the weld by an ex- 
perienced engineer and the pressure test (arr, 
water, or gasoline). Good design, careful work 
manship and adequate supervision inspire con 
fidence in the final result. 

Since the development of electric welding 
in shipbuilding in the last few years has been 
extraordinary, it can safely be predicted that 
welded ships will completely supplant riveted 
ones, and that it will be possible to surmoun! 
the difficulties now encountered in longitudina! 
seams. Welding of the entire ship will then !» 


the rule. 
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IF THERE WERE ONLY TWO TELEPHONES 


IN YOUR TOWN 


lr THERE were only two telephones in your 


own the fortunate possessors would probably 
put them on pedestals in the most prominent 
places in their homes. Neighbors would flock 
to see them. Children would clamor to touch 
them. Bolder ones would lift the receiver to 
hear the magic voice—then hang up suddenly 


n bewilderment. 


Because the telephone is in millions of 


homes and offices and is so much a part of our 


aily lives, it is not regarded with this strange 


iwe. Yet the miracle of the telephone is no aie 


s real. The magic of it no less powerful. « 


At any hour of the day or night you can 
talk to almost anybody, anywhere —to far coun 
tries and to ships at sea. The first wonder is 
that you can talk to folks around the corner. 
The second wonder is that the service is so 
organized that you can talk to people in far 
away lands. The third wonder—perhaps the 
yreatest of all is that telephone service 1s so 
Inexpensive. 

Of all things purchased, there is none that 
costs so little and brings to you so much 
convenience, so much security and 


i achievement as the telephone. 


AMERICAN TELEPHONE AND TELEGRAPH COMPANY 


65 


; | i 
/ | £ j j 4 “qe ~ 
t ~ 
Atm 
& 
fe 
+. 
Y, 1932 = : 


from 
recent technical 


literature 


P. and J. J. Curran in Iron Age, 
May 19, correlate tests on very heavy gray 
iron hydraulic cylinders with tensile test bars 
cut from special castings ranging up to 10% in. 
thick. The probable range of STRENGTH OF 
GRAY IRON is as follows: 
Lower Range 


Thickness of Casting Upper Range 


2 in. 28,000 21,000 
4 in. 22,500 17,000 
6 in. 20,000 15,000 
8 in. 18,000 13,500 
10 in. 16,000 12,500 


Low silicon irons (Si about 1%) tend to fall 
along the upper range; higher silicon irons (Si 
about 2%) the lower, but as thickness increases 
the effect of composition is submerged. These 
figures are for cupola irons with up to 30% steel 
on the charge, and not for alloy or high test 
irons. The authors believe the effect of mass 
is not so marked in castings made of the latter 


varieties. 
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Report of the National 
Physical Laboratory for 
1931 has been published by 
H. M. Stationery Office, |on- 
don, England, at 15 shillings. 
Metallurgical 
there have been directed 25 
years by Dr. WaLter Rosen- 


researches 


HAIN; he resigned about a 
vear ago to act as consultant, 
and was succeeded by Dr. 
Cecit H. Descu. Work in 
metallurgy is intimately in- 
tertwined with that of the 
other five departments. As 
an instance, the Engineering 
Department is also interested 
in the fact that the fatigue 
properties of alloy spring 
steels are cut nearly in half 
if the surface is decarburized 
during fabrication, forging, 
or heat treatment. 
prevented if the machined 


This is 


surface is covered with pow- 

dered graphite or the heating 

is done in salt baths contain- 

ing about 25% sodium cya- 

nide. A second joint project 

has been the study of strong 
alloys for service between 1100 and 2000° F 
It would appear that the most suitable alloy is 
one which rapidly hardens at the working tem 
perature but then maintains this Brinell hard- 
ness continuously. The best alloy so far found 
contains 30% Ni, 30% Cr, 4% W, 1.5% C, 1° Si, 
balance iron. Other interesting developments 
include the routine melting in vacuo of hydro- 
gen-treated electrolytic iron into 5-lb. ingots 
99.985°> pure and the discovery that dissolved 
gases (mainly hydrogen) may be effectually 
removed from aluminum and magnesium alloys 
by bubbling nitrogen containing a small amount! 
of CCl, through the melt. 


i > AN ADDRESS before the New York Chap- 

ter, A.S.S.T., printed in Product Engineering 
for June, W. E. Brewerr discussed “Materials 
ls 


in Ships,” and described six structural st 
now available with higher tensile proper!cs 
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than the conventional mild steel. Some of them, 
like “martinel” (see MetaL ProGress for August 
1931) have the elastic limit raised and stabilized 
by controlling the temperature of the last pass 
and the cooling rate. The others depend largely 
on an increase in the carbon, manganese, or sili- 
econ content, with or without further additions 
of nickel, vanadium, or copper. It would appear, 
however, that these high strength SHIP STEELS 
have been used by American yards only to a 
limited extent. Large hull forgings, requiring 
fire welds, are made of 0.08 to 0.15°° carbon 
steel, and may be counted upon to develop 
30,000 elastic limit and 40°. elongation. Small 
hull forgings like stanchions have 0.15 to 0.20°, 
carbon and develop 32,500 elastic limit (5 to 10% 
more if normalized). Heavy steam engine forg- 
ings for merchant ships are of 0.20 to 0.30 
carbon steel; forgings are usually heat treated 
to 40,000 Ib. per sq.in. elastic and 30 elonga- 
tion. Carbon-vanadium forgings (normalized 
and drawn) developing 60,000 elastic limit and 
27’, elongation are favored for hydraulic work 
and diesel engine parts. Naval specifications 
for main shafting call for 312‘ nickel steel, 
carbon 0.30 to O40), which tests at 50,000 to 
65.000 Ib. per sq.in. elastic limit and an elonga- 
tion of 25 to 30°; it also has superior impact 


strength and corrosion resistance. 


TUDIES made at Woolwich Arsenal were 

reported to the British Iron & Steel Insti- 
tute in May on POROSITY OF TIN PLATE. 
Perforations are permanently marked as fol- 
lows: First the sample is cleaned by washing 
in CCl, and then in a beaker containing a little 
acetone. The beaker is closed by a bottle con- 
taining cold water, warmed and the acetone 
vapor condensing thereon showers the sample 
below. In about 10 min. metal should be free 
of grease, as determined by dipping into dis- 
tilled water and seeing whether the water film 
breaks. This distilled water must be of high 
purity, neutral or slightly acid in reaction (5 
drops of methyl red indicator should color 10 ¢.c. 
lightly pink). A clean beaker filled with it and 
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A Message to Engineers from Dearborn 


Leaders in the Gay ‘90's 
— Still Leaders Today 


310 South Michigan Avenue, Chicago 
2454 Dundas Street, West, Toronto, Can 


conversion 
tables. This im- 
proved instru- 
mentconstata 
of butone float 


and one tube, 


VBeartorn 


The fact that the Dearborn Chemical 
Company has long recognized the neces- 
sity for individual water treatment was 
brought out in a ringing message to engi- 
neers written in 1897 by Wm. H. Edgar, 
founder 

“The Dearborn is the only concern that 
has ever brought a thoroughly equipped 
laboratory into service for the steam 
user.” 

True then, true now—the Dearborn 
Chemical Company, pioneers in scientific 

feed water treatment, place a thor 
oughly equipped laboratory at the 
service of the steam user Dear- 
born Laboratories have been en 
larged many times since Mr. Edgar 
wrote his message 


BASIC PRINCIPLES OF 
SCIENTIFIC PROCEDURE 


Causes must be determined be- 
fore troubles can be remedied 
This basic fact is obvious and con 
stitutes the reason for the existence 
of the great Dearborn Laboratories 

to find through analysis and in 
vestigation the causes for undesit 
able conditions arising m= steam 
boilers, and to determine the best 
combinations of treating materials 
for their correction or elimination 
Dearborn chemists and engineers 
have specialized for 47 years m 
this work, and the great majority 


of engineers recognize the sound 
ness of Dearborn methods and the 
excellence of Dearborn results 

li vou are not using Dearborn 


service, we mvite your investiga 
tion and patronage 


The New Improved 


“Dearborn 
CONCENTRATION 


jour HYDROMETER 


correction and 


\ precision instrument All 
readings are taken from the float 
in a single tube Higher concen 
trations of salts may be sately 
carried when Dearborn Treatment 


is used, thereby saving heat lost in 
unnecessary blowing down The 
cost is low. Inquiries invited 


Dearborn Chemical Co. 


205 East Forty-second Street, New Y ork 
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JESSOP’S 


ALUMINUM 


Superior 


Oil-Hardening Steel 
| 


Non-Deforming Tool 
and Die Steel 


Manufactured in 


Sheffield, England 


Wm. Jessop & Sons 


1 N C O R P R 


| VIRGIN METAL 
4 AND 


ALLOYS 


FOR ALL PURPOSES 


ae INFORMATION, BOOKLETS ON REQUEST 


THE 


m4 BRITISH ALUMINIUM CO. 


AGENCY 


ARTHUR SELIGMAN 
122 EAST FORTY-SECOND ST., NEW YORK 


NEW YORK BOSTON CHICAGO TORONTO 


121 VARICK ST. 163 HIGH ST. 1857 FULTON ST. 59 FREDERICK St 


SENTRY FURNACE 
HARDENING 


HIGH SPEED STEEL 


@ Gives positive control of temperature and atmosphere in a 
furnace that is convenient, rugged and efficient. 


@ When used with the patented Sentry Diamond Block Meth- 
i od. seale and deearburization of high speed steel are posi- 
tively eliminated. Optional equipment includes a licensed 
gas curtain thus making available either of these two at- 
mospheres. 


@ Let us show you what this modern furnace will do to elimi- 
nate spoilage. improve your product,and increase production. 


@ We invite you to have sample tools hardened in this Sentry 
Furnace and to compare them with tools hardened in vour own 
or other furnace equipment. 


THE SENTRY COMPANY 
(Industrial Electric Furnaces) 
TAUNTON, MASSACHUSETTS, U.S. A. 


| 


“cAlways on Duty” 
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‘ining the cleaned tin plate is held at 205 


r 3 hr. then cooled and stored for 18 hr. 


\dherent reddish brown spots with black nuclei 
form on the previously bright surface. Tin plate 


having I's lb. tin per base box may have 7 to 22 


ores per sq.cm.; these numbers drop to 1 to 3 


for 5-Ib. tin plate. The paper also details a rec- 
ommended procedure for applying paper, damp- 
ened with ferricvanide solution, which will give 


identical results. 


IYRIDE hardening of centrifugally cast evl- 

inder liners was described by J. FE. Hurst 
before the British Iron & Steel Institute’s May 
meeting. The annealed metal (called “Nitri- 
castiron”), which analyzed total carbon, 
120), combined carbon, 2.60°, silicon, O.60°, 
manganese, chromium, and 1.40, alumi- 
num, Was melted in an oil-fired crucible furnace 
(aluminum added to the melt as ingot) and cast 
ina permanent mold. The castings air harden, 
so they were first annealed and slowly cooled. 
\fter rough machining the castings are oil 
quenched from 16007 F. and tempered for sev- 
eral hours at 1150) FF. Liners finished to size 
are then cleaned and the CAST IRON NITRIDED 
in the usual way for 90 hr. at 950° PF.) Diamond 
hardness is then about 975; no spalling is ob- 
served around the indentation. Under the 
inicroscope a lightly etched surface laver 0.001 
in. thick is seen; this is marked with numerous 
sinall cavities where graphite formerly existed. 
Nitrides penetrate a depth of 0.010 in. The body 
of the metal contains some massive cementite, 
some very fine graphite, and a matrix which is 
presumably pearlite, although the constituents 


ire not resolved at 1500 diameters. 


FEeATURES of the June meeting of the Ameri- 

can Society for Testing Materials were two 
series of papers on steel castings. It illustrates 
the tempo of technical progress to say that the 
lirst American STEEL CASTINGS were made at 


go, While at present about 


vale 65 vears ag 


plants comprise an industry having an an- 
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Quenching of Steel.. 


...an answer to your problems 


By HERBERT J. FRENCH 

late of the Bureau of Standards, 

now with International Nickel 
Company. 


HIS book is a comprehensive discus- 

sion of cooling characteristics of var- 
ious cooling media (coolants). Cooling 
properties are given for both surface and 
center cooling of a given mass of steel, 
Data for center cooling are summarized 
graphically and in equations which per- 
mit computation of center characteristics 


of various sizes and shapes of steel. 


172 pages, 6 x 9, 105 illustra- 
tions ... bound in red cloth. 
9950 


Mail Your Order Today 


American Society for Steel 
7016 Euclid Ave Treating Cleveland, Ohio 


FOR DEPENDABLE 
PERFORMANCE 


_look to materials 


Specify NICKEL ALLOY STEELS 


@ The increasing use of Nickel Alloy Steels for 
many varied types of equipment is evidence that 
users and manufacturers alike demand materials 
that assure dependable performance. You can secure 


superior strength, toughness and dependability by 


specifying the oldest and most universally used of 


all alloy steels. Our engineers will gladly assist vou 
in the selection of suitable Nickel Alloy Steels for 


your special requirements. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
Miners, refiners and rollers of Nickel. Sele producers of Monel Metal. 


67 Wall Street New Vork, ¥. 


Nickel 


PERFORMS BETTER LONGER 
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V aluable Publications 


offered by 


industry 


Blast Gates -A new folder of W. S. Rockwell Co., 
tells the advantages of the company’s line of air-tight 
blast gates and gives dimensions and other data. Bul- 
letin RO-325. 


Ammonia Dissociators -Ajax Electric Co., has a new 
bulletin describing the technical and economical ad- 
vantages of producing hydrogen and nitrogen by dis- 
sociating anhydrous ammonia. Bulletin JU-83. 


Low Power Microscope—Carl Zeiss, Inc., has pre- 
pared a booklet describing a new low power binocular 
microscope, magnifying 4 to 31 diameters, which is 
valuable in examining fractures, ete. Bulletin MIK-464e. 


Rust Preventive —A recent publication of Dearborn 
Chemical Co., describes the well known rust pre- 
ventive, No-Ox-Id, which is now offered as a paint 
foundation in the colors red, gray and black. Bulletin 
JU-36. 

Manganese-Vanadium Cast Steels Vanadium Corp. 
of America offers a reprint of discussion of effect of 
vanadium additions on properties of intermediate 
manganese steels containing 1.25 to 2% manganese. 
Bulletin JU-27. 


Nickel Steel—_International Nickel Co. is publishing 
a bi-monthly illustrated newspaper devoted exclusively 
to nickel alloy steels. Contains technical, semi-techni- 
eal, and news articles dealing with the production, 
treatment, and uses of these steels as well as other 
special features. Bulletin JU-45. 


Furnace Parts—Driver-Harris Co. has issued a bul- 
letin featuring furnace parts made of their alloys. This 
bulletin gives data and advantages of Nichrome and 
Chromax heat resisting alloys in the form of furnace 
parts. Bulletin N-19. 


Ingot Molds—Gathmann Engineering Co. The sub- 
ject of ingot molding is covered in a new book on this 
subject. Numerous illustrations of the effect of various 
methods of finishing and casting on the reliability of 
steel products are given. Bulletin D-13. 


Welding Electrodes and Accessories—General Elec- 
tric Co. has a new bulletin which describes its line of 
welding supplies and accessories. Many illustrations. 
Bulletin J-60. 
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Conveyor Belt Handbook—Wickwire Spencer Stee! 
Co. <A new loose-leaf handbook, describing various 
types of metal conveyor belts for high and low tem- 
peratures. This includes the new heavy duty “Alpha” 
od belt, “Delta” plate belt and spiral type. Bulletin 


Nitriding Steel—Properties of a new chromium- 
vanadium nitriding steel developed by Union Carbide 
& Carbon Research Laboratories are listed in a new 
publication of Electro Metallurgical Sales Co. MM-16. 


Quenching—A new 80-page book, “Houghton on 
Quenching,” containing over 30 charts and photomicro- 
graphs, has just been published by E. F. Houghton and 
Co. MM-38. 


High Frequency Induction Furnaces—Ajax Electro- 
thermic Corp. New bulletin gives detailed information 
regarding Ajax-Northrup high frequency induction 
furnaces operated from static converters, for labora- 
tory use or for small-scale production. Bulletin JA-41. 


Neutral Atmosphere which makes possible the hard- 
ening of high speed steel without scale, decarburiza- 
tion or carburization, is explained by the bulletin, “The 
Sentry Diamond Block Method of Hardening High 
Speed Steel,” issued by the Sentry Co. MM-84. 


Hy-Ten Alloy Steels—Wheelock, Lovejoy & Co., Inc. 
“Pertinent Points” folders covering physical proper- 
ties, heat treatment and applications of all grades of 
Hy-Ten Special Steels. Bulletin D-22. 


Furnaces for the Steel Industry—The Electric Fur- 
nace Co. have issued a four-page folder illustrating 
and listing several electric and fuel fired furnaces of 
various types they have installed in steel plants. Bul- 


letin D-30. 


Aluminum and Its Alloys—Aluminum Company of 
America has prepared the book “Alcoa Aluminum and 
Its Alloys” which presents data and tables on the 
physical and chemical properties of aluminum alloys 
MM-54. 


Machine Heat Treating—American Gas Furnace \0- 
A 16-page illustrated booklet giving information on the 
various types of conveyor heating machines available 
for heat treating on a production basis. Bulletin D-!!. 
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rhermocouple Heads—Leeds & Northrup Co. offer a 
f r descriptive of their new Universal thermo- 
e heads. Photographs show simplicity of instal- 
Bulletin M-46. 


Heat and Corrosion Resistant Alloys—General Alloys 
4 new bulletin is available on chrome-nickel and 
eht chrome heat and corrosion resisting alloys. 
etin D-17. 


Peroxygen Compounds—A 24-page booklet issued by 
essier & Hasslacher Chemical Co. presents briefly 
the characteristics and uses of a number of peroxygen 

pounds. Bulletin M-29. 


Welded Pipe—Republic Steel Corp. has prepared a 
hooklet on its electric weld line pipe and casing. Manu- 
facturing processes and performance data are pre- 


sented. Bulletin AA-8. 


Hardness Testing——-Pamphlets are available from 
Shore Instrument Co. describing the Monotron and 
Scleroscope hardness testing machines. Bulletin J-33. 


Recuperators—Carborundum Co. The complete 
story of Carborundum Co. recuperators for industrial 
furnaces, describing the type and covering operating 
conditions. Bulletin F-57. 


Chromel Couples——-Hoskins Manufacturing Co. Bul- 
letin contains technical data on pyrometer couples. 
Bulletin M-24. 


Welding Electrodes—Metal & Thermit Corp. has pub- 
lished a folder outlining the advantages of Murex min- 
eral coated welding electrodes. Several types of elec- 
trodes are described. MM-64. 


Micro- Metallograph—E. Leitz, Inc. A precision in- 
strument for making accurate photomicrographs with- 
out distortion and with absolute flatness of field is 
described. Bulletin M-47. 


“Carbonol Process for Carburizing Steels” is the title 
of the new 12-page bulletin published by the Hevi-Duty 
Electric Co. The bulletin describes the results and 
advantages of the Carbonol process of carburizing. 
Bulletin N-44. 


Wear and Lubricant Tester——-Timken Roller Bearing 
Co. has prepared a description of a new machine for 
testing load carrying capacity of lubricants, measuring 
friction and wear of materials. Bulletin M-71. 


Ferro-Carbon Titanium —aAn illustrated 111-page cat- 
alog technically describing this alloy and its use in 
steel for forgings, steel castings, rail steel, sheets, 
plates, etc., is offered by Titanium Alloy Mfg. Co. 
Bulletin J-90. 


Metal Progress, 7016 Euclid Ave., Cleveland. 


Please have sent to me the following literature as 
described under “Industrial Publications” in the July 
issue of Metat Progress. (Please order by number.) 


For More Efficient Heat-treating, Use MICROMAX 


and stepping mechanism is uniquely simple 
= 
LEEDS & NORTHRUP 
EEDS & NORTHRUP 


prov ed LAN Potentiometers). 
efficiency of a heat-treating department be- 


cause it is itself a more efficient machine. 


circuit—no chance for the heat-treater to for- 
get that important operation. 


The More Efficient Pyrometer ~ 


Heat-treaters can do more work and better so fast that it keeps the operator instantly 


work with Micromax Pyrometers (the im- informed of temperature changes. 


It adds to the 
Micromax advantages result from 20 years 


experience in building potentiometer recorders 


they are the kind of advantages that make 


Micromax standardizes its own measuring for more eflicient heat-treating. 


isk for Catalog 87-S 


Micromax is fast 


COMBUSTION -FURNACES 
ELECTRIC:-FURNACES 
TUNNEL: KILNS 


GAS-BURNERS 


SWINDELL~DRESSLER CORPORATION 
PITTSBURGH, PA, 


Y, 1932 
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Tungsten Powder . . . 97-98% 


Pure Manganese . . . 96-97% 
Ferro-Chromium 60% 
Pure Chromium ... . 97-98% 
Ferro-Tungsten . 75-80% 
Ferro-Titanium ... 25% 


Ferro-Vanadium.... 35-40% 
(1% Silicon 


SEND FOR PAMPHLET NO. 2021 


METAL & THERMIT 


CORPORATION 
120 BROADWAY, NEW YORK CITY 


PITTSBURGH CHICAGO S. SAN FRANCISCO ALBANY TORONTO 


Convenience in Hardness Testing 


Vakes for SPEED, 
ECONOMY, ACCURACY 


the MONOTRON has now come into gen- 

eral use by descriminating establishments 

bee 

A. It has the required Adaptability and con 
venience in operation upon which speeds 
and satisfactory service 
tle pre nes 

B. Two Dials show more 
than any one Dial tester, 
selving problem of ap 
plication te ll known 
materials of any hard 
ness, 

( Not Most Expensive ) 
Machine to Install 


hor additional information 
see our Balletins 


Free upon request 


For a Good Single 
Dial Tester We Offer 
The SCLEROSCOPE 


(Latest Improced) 


(Pune k. accurate, more 
popular than ever it’ has 
the only simplified (Centi 
grade) seale which m un- 
derstood and quoted the 
world over. The only tester 
that is 100% portable, and 
operative on work of un- 
limited size. Accurate con- 
versions to Brinell Phe SCLER.- 

OSCOPE, 
Bulletins S No. 22 and S 100% Port- 
The MONOTRON No. 30 mailed free. able 


THE SHORE INSTRUMENT MFG. CO. 


Van Wyek Ave. & Carll St. Jamaica, New York, N.Y. 
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nual capacity of about 2,000,000 tons. Py 
cally all of the production is heat treated and 
of it is alloy steel. Sizes and required projer- 
ties are exceedingly diverse; R. A. Bus ab- 
stracted no less than 20 important America 
specifications! Frep Grorrs described a number 
of medium-carbon low-alloyv cast steels having 
pearlitic microstructures when normalized. 
regular production they develop per 
sq.in. ultimate strength, 10% reduction of area, 
and 26 ft-lb. Izod impact. In these steels man- 
ganese is increased bevond the normal content 
to the regions represented by 1.20°., 1.15 
and 2.5'. ; especially in the higher man- 
ganese range these steels lack toughness when 
fully annealed (although the impact values ar 
strikingly increased by a small amount of vana 
dium, molybdenum, or zirconium). It is there- 
fore recommended that they be air cooled and 
drawn. Somewhat less than these properties 
can be had with ordinary 0.30 to OM0% carbor 
cast stecl plus fractional percentages of molyl 


denum, vanadium, or chromium. 


EVICES for burning light) hydrocarbons, 

which ordinarily produce non-luminous 
flames are described briefly by W. TRinks in 
Heat Treating & Forging for May. To burn wit! 
luminosity, regarded as necessary for radiant 
heating, the gas must be cracked into free cal 
bon by heat before it mixes with much oxvge! 
This operation is the easier the heavier the gas 
(i.c., methane, butane, and ethane are succes 
sively less diflicult) the higher the temperature. 
and the longer the time. Since the action ca! 
not be predicted by theory, it is recommended 
that experimental installations be supplied \ 
two burners, one for a light and one for a heavy) 
vas. Carbon will build up on hot walls bathed 
by uncracked gas; the burner and auxiliary 
ports must therefore be designed so that 
cracked gas is surrounded by air streams. Grad 
ual intermingling of the gas core and air she 
in these streams gives the name DIFFUSIO’ 
COMBUSTION. A “diffusion burner” usue 


consists of a series of parallel alloy tubes, | 
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°OR PRECISION AND SPEED IN THE PREPARATION OF 
METAL SAMPLES FOR MICRO-ANALYSIS 


GUTHRIE: LEITZ 


futomatic 


POLISHING 
MACHINE 


| ONE- TWO- 
and FOL K- 
SPINDLE 
Models 


“Guthrie- 


Leitz” Automatic 


Polishing Ma- 


hine is designed 

reduce toa 
minimum all of 
the various fac- 
tors through 


samples by hand proves so undependable. By means of a magnetic hold 


which the prepar- 


ation of metal 


ing and oscillation device, all elements of human equation are eliminated 
With this machine, it is possible to measure the pressure, speed, time, 
amount of abrasive, ete.. thus saving time and labor and making it 
possible to entrust the preparation of even research samples in the 
hands of an unskilled operator. 

in outstanding feature of these Polishing Machines is that the 
specimen can readily be removed for examination during oper- 


ation, Write for Literature: 


Catalog No. 1196 “CGuthrie-Leitz” Polishing Machine 


DEPT. 120. 


Produce BETTER 
FORGINGS 


Reduce your fue! t 


anc 


ful conditi 
dirt U ne eT 
the furnace, protect the operator and t 
Write for Catalogs No. 274 - 321-C 


W. S$. ROCKWELL CO. 


Heatt 


50 CHURCH ST (Hudson Terminal Bidg.) NEW YORK 


sax 


60 John Street 
New York City 


Y, 


Today you must sell at lower costs, but satisfy the 
customer as well. @ The real test of a casting is the 
quality of the finished product it turns out. It must 
stand up under its job — withstand unusual and un- 
foreseen strains, stresses and overloads. The casting 
must have a smooth, uniform surface—finer structure— 
added toughness. & Ferro-Carbon Titanium reduces 
costs and yields a higher quality product. Titanium 
treatment is playing an important part in cost reduc- 
tion and product improvement for many classes of 
steels. Titanium Engineers will gladly counsel with you. 


THE TITANIUM ALLOY MANUFACTURING CO. 


NIAGARA FALLS, N. Y. 


BRANCH OFFICES 


Keith Building 
Cleveland, Ohio 


1932 


Balfour, Guthrie & Co., San Francisco, 
Los Angeles, Portland, Seattle, Tacoma, 


AGENCIES 
PACIFIC COAST GREAT BRITAIN 
AND EUROPE 

T. Rowlands & Co., Ltd. 


Vancouver, B. C. Sheffield, Eng 
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Tyr e Forge Furnace 
ne actua! operatingcor 
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¢ = of all the air enterina 
the furnace Pr 
tection of the opera 
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work eane } ind re he alth 
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} 
makes good steel better 
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TITANIUM 
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CLARITE nich sPeeo 
OILDIE NoN-SHRINKING 
COLUMBIA SPECIAL carson 


TOOL STEEL 


500 E. 147TH STREET. CHICAGO HEIGHTS. ILLINOIS 


Burner type heating machines prove ad- 
vantageous for local hardening, local an- 
nealing and local tempering. . ... . 


@ No initial heating up period. 

@ No initial fuel consumption. 
@ Simplicity in operation. 

@ Large output. 


Write for details. 


American Gas Furnace 
Company... Elizabeth, N. J. 
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as compared to their diameter, through which 
the gas plus a very little air is blown. Com)yus- 
tion air surrounds these tubes and is blown in 
the same direction. When operating properly, 
the alloy tubes are hot enough from the furnace 
heat to crack the heaviest constituents in the 
gases. Entering the furnace these streamlets of 
gas are entirely surrounded with air; if the flow 
is not turbulent these diffuse into each other 
gradually, but not before the most of the vas 
has been cracked by the furnace heat. Diffu- 
sion and combustion should, of course, be com- 
plete by the time the outlet flue is reached; 
sometimes to insure this, turbulence must be 
introduced by baffling or otherwise partway 
down the furnace. Many luminous-flame instal- 
lations heat the cold furnace slowly and with 


excessive smoking. 


A OEP bearing should be strong, plastic, 

and smooth at the operating temperature; 
it (rather than the shaft) should take the un- 
avoidable wear; it should be in tight contact 
with its backing and diffuse heat rapidly; it 
should be sound and easily workable. These 
diverse requirements have been met by alloys 
of complex structure, having hard crystals in a 
softer matrix. Le_anp E. Grant describes how 
TIN-BASE BABBITTS fit the requirements in 
June Metals & Alloys. It would appear that a 
centrifugally cast babbitt is improved with high 
temperature of pouring and high temperature 
of backing the slower solidification permits 
larger crystals of the hardest constituent to 
grow. While most specifications sharply limit 
the amount of lead, it is probable that it in- 
creases hardness and malleability up to al leas! 
2.5°°, and is of no harm except in bearings 
which run hot enough to endanger even a lead 
free babbitt. Nickel, a once-recommended im- 
prover, is no longer used in railroad bearings 
A small amount of bismuth reduces the melting 


point of the matrix and causes local fusion «! 


wiping while running in. For high pressure an: 
speeds 90 Sn, 7 Sb, 3 Cu or 93 Sn, 3.5 Sb, at 
3.9 Cu (somewhat softer and tougher) are r* 
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provices proportiona! and a 3 t hardness the 
plastic indentation methc There 3 yirical about it. It wil 
test dificult specimens s 2 n rs ck; gear teeth on 
the working face; pring vithout damaq It is 
girect reaaing and very ing to the ynstitution 
and properties of nit 3 cases r a trial of other Ha S 
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ure of its wearing qualities 


TERRITORIES OF UNITED STATES AGENTS FOR THE VICKERS HARD. 
NESS TESTING MACHINE: 


THE RIEHLE BROS. TESTING MACH. CO., 1424 No. Ninth Street, Philedelphie, Pennsylvania 
A ocd States territory ir th hiliog 


Jina Alaska, Maweii and e ppine sna 


MESSRS. WILLIAMS & WILSON, 84 Inspector Street, Montreal, P. OQ. 


NO STEEL OR ALLOY IS TO HARD FOR TESTING ON THE VICKERS 


Ordinary Emery Paper and 
Fisher Metallographic Emery 


Paper maanified 20X 


Grade No. ...... 0000 000 
Per 10 sheets ...... $ .65 60 
Per 100 sheets ..... 5.00 1.75 


Fisher Metallographic 
Emery Paper — 


“Each step in preparing a metallographic speci- 
men must be as nearly perfect as possible be- 
cause corrections of previous existing conditions 
are unattainable in any subsequent step.” 
Fisher Metallographic Emery Paper “cuts” 
and does not “pull” the specimen because the 
emery grain size is uniform for each grade of 
paper. Destructive ridges and lumps are not 
found on Fisher Paper —it is made by a spe- 


cial process which avoids them. 


0 l IG b 4 
20 560 
1.50 1.50 1.50 1.50 


FISHER SCIENTIFIC COMPANY 


Apparatus for the Metallurgical Laboratory 


7il FORBES STREET. PITTSBURGH. PENNSYLVANIA 


ULY, 1932 
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ommended. Five analyses are used for auto- 


mobile engines undoubtedly no such range 
would be required if impurities and casting 

One 
86 Sn, 


An important point is to finish the 


conditions were adequately controlled. 
highly recommended is S.A.B. No. 11: 

7 Sb. 6 Cu. 
bearings with a diamond tool or an accurate 
broach; this gives 75‘. bearing contact, avoids 


hand fitting and slow running in. 


ANUPFACTURING 


tools are described by AbpAM Machenzie in 


methods for Carboloy 


June Machinery. They follow the methods de- 
scribed in Mr. Harpy’s article in this issue; it is 


important that the mixture of powdered car- 


bides and metallic binder be ground in a ball 
After pressing, the slugs of HARD CAR- 
BIDES are “semi-sintered” by heating to about 
F.. 


trimmed into correct shape about as easily as 


whereupon they can be sawed and 


chalk. Final sintering is also done inp 
hvdrogen at 2450 to 28000 F., 


shrinkage of about 15‘, in all dimensions, wh) | 


and causs 


is provided for, so that expensive grinding {(o 
final shape may be minimized. These hard (\)s 
are then carefully fitted into recesses cut ints a 


shank 


pered”) in place by heating in hydrog 


tool steel and brazed (or rather 
nitrogen atmosphere above the melting point 


of the copper slipped into the joint. 


HEN welding the 18-8 stainless steels th: 

weld (even though it is of correct compo- 
sition) and a portion thereto has lost whatever 
advantage the rest of the piece may have ac- 
quired by previous heat treatment cold 
work, and this region is surrounded by metal 
containing microscopic precipitated carbides, a 
well-known indication of corrodibility. In a 
spot weld this annular portion is called th 
“corona” by EE. J. W. in a paper on 
“Stainless Steel in Aircraft Construction” read 
before the June meeting of the A.S.M.E. in Buf- 
falo. 


Since stainless steel is favorable to spot 


AJAX 


ELECTRIC HEAT TREATING FURNACES 


and... 


ELECTRIC TUNNEL KILNS 


CTRIC COMPANY, INC. 


DF THE 


DIVISION AJAX METAL COMPANY 


PHILADELPHIA, PA. 


CARL ZEISS 


Phe focusing mechanism is independent of the rigidly sup- 
ported stage, and ample steadiness is assured at all magnifi- 
cations... lomal lenses provide for a 
maximum flatness of field without 
sacrifice of definition... Metallograph 
with are lamp. + apochromatic ob- 
jectives, 6 compensating oculars, 3 


homal lenses—$1,293.50 f.o.b. N.Y. 


CARL ZEISS INC., 485 FIFTH AVENUE, NEW YORK 
Pacific Coast Branch: 728 South Hi‘! Street, Los Angeles, Calif. 
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x METALLOGRAPH 


With Inverted Microscope 


A copy of descriptive catalog Micro 397 


will be supplied on request 
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See These 


Continuous Heat-Sealed Furnaces 
for Uniformly High-Grade Enameling 


NAMELERS who have seen these furnaces in operation have marveled at their effi- 
ciency —at the quality and quantity of work turned out—at the marked reduction in 
handling charges and the simplicity of operation. 
Mr. R. G. Willman, Secretary-Manager of the Peerless Enamel Products Company, 
writes. 
“We have just put into operation our second G-E continuous enameling furnace. This 
second furnace was built on the strength of the satisfactory results by the first one 
which was built in 1929. We can conscientiously say that since using the continuous 


type G-E furnace, we have been able to greatly reduce our production costs, 


“We again wish to take the opportunity of thanking your company for its great effort 
in perfecting furnace conditions for the enameling industries.’ 
The foregoing is just another example that emphasizes General Llectric’s ability to supply 
electric furnaces for every application in every industry. Possibly you have been consider- 
ing the installation of an electric furnace in your plant. Our engineers will weleome an 


opportunity to cooperate with you. Consult your nearest G-E office or the General Electric 


Company. Schenectady. N. Y. 


One of two G-E continous enameling furnaces in the Peerless Enamel Products Company's plant, Belleville, IL— 


for firing sheet steel and cast-iron stove parts 


JULY, 


1932 
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AJAX-NORTHRUP 
Coreless Induction Furnaces 


Write for 


Ajax Flectrothermic Corporation 


G. H, CLAMER E. F. NORTHRUP 
President and Gen. Manager Vice Pres. and Technical Adviser 


DRIVER-HARRIS COMPANY 
HARRISON, N.J. 

Chicege ~ - Morristown.N. J. England france 


Cleveland 


for economy in... Be 
Carburizing Boxes 
Retorts 


Furnace Parts 
Pyrometer Tubes 


Sheet Containers 


Muflles 
Knameling Racks 


ete. 
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welding the surfaces are free of oxide a) 

the electrical resistance is 10 times that of mild 
steel and since the size of the corona seen 

to be due to time and current, the Budd com 
pany’s new SHOT WELDING process uses equi) 
ment which rigidly controls the latter factors 
Proper conditions are set on the machine by a 
supervisor. Any variation from this standard 
causes a bell to ring continuously. An auto- 
matic recorder marks down a line for each spot 
weld proportional to C’r (or heat input) and the 
time. A single weld in two pieces of 0.012-in 
sheet requires only 0.035 B.t.u. Spots should be 
about 3 times the diameter of the total thickness 
joined; flanges should be 3 spot diameters in 
width, this reducing the outstanding legs which 
are weak against buckling, but eliminating any 
danger that the edges, where fatigue cracks 


start, may be damaged by the joining operations. 


ANY proposals to substitute molybdenum 

for tungsten in high speed steels, either in 
whole or in part, have been made in the past, 
but the alloys have not been vigorously commer- 
cialized, probably because they did not promise 
sufficient advantages over the somewhat stand- 
ardized analyses to warrant the expense. In 
order to develop this so-called strategic metal, 
much work has been done on the MOLYBDE- 
NUM HIGH SPEED steels at Watertown Arsenal 
with gratifying results. According to Jron Age, 
June 9, Universal Steel Co. and Cyclops Steel Co 
are now marketing a “Motung”™ tool steel, where- 
in part of the required tungsten is replaced. 
Microstructure, heat treatment, fabrication, 
speeds, and feeds are all comparable to 18-t 1 
high speed steel. Heat treatment is at some 
what lower temperatures hardening is done 
from 2175° F., and maximum secondary hard 
ness appears at 1015° F.. To avoid soft skin, due 
to depletion of carbon and molybdenum, th« 
bars should be sprinkled with borax before 
heating. Tools heated in salt baths, in con- 
trolled gas atmospheres, or box annealed with 
carbonaceous filling are also said to retain sur 


face hardness. 
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WISSCO 


STRAIGHT-ROD REINFORCEMENT 


( Patented) 


By eliminating width shrinkage 


minimizes stretch 


The Straight-Rod Reinforcements (patented) of Wissco 
Spiral Type Conveyor Belts are inserted at intervals and 
form, in effect, a rod under compression. The rod mem- 
ber breaks the quadrilateral openings down to two tri- 
angles which in themselves are stable bodies. The spacing 
of the rods depends upon the requirements of opera- 
tion. The addition of Straight-Rod Reinforcement in no 
way affects the flexibility of the belt nor increases the 
thickness at any point. Wissco 
Spiral Type Conveyor Belts are 
made in steel, bronze, brass, 
copper, monel and high temp- 
erature and chemical resisting 
alloys, from 40 mesh No. 35 
gauge wire to 242’ mesh No. 
9 gauge wire from 1” to 160” 


in width. 


Straiaht-Rod Reinforce 


ment and Safety Selvage 


Straiaht-Rod Reinforcement 
used in close centers for 4 
heavy duty belt 


Wickwire Spencer Steel Company, 41 East 42nd Street, New York City [Sng 
Buffalo, Chicago, Detroit, Philadelphia, Tulsa, Worcester; Pacific Coast Headquarters: San Francisco: 
Branches and Warehouses: Los Angeles, Portland, Seattle; /-xport Sales Department: New York City. 


CONVEYOR BELTS 


'ULY, 1932 


Wickwire Spencer Steel Co 
41 Fast 42nd St., New York City 


1 would be pleased to receive one of vour 
Handbooks on Metal Convevor Belts 
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CHAR 


CARBURIZERS 
€ 


CHAR PRODUCTS COMPANY 
MERCHANTS BANK BLDG. INDIANAPOLIS, IND. 
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for consolidation goes up proportionately to 
enormous figures. Furthermore, the depth o! 
the mold (in relation to its width) must not by 
too large else the fine material has a tendency to 
bridge from side to side and the resulting pellet 
has loose, unconsolidated centers. Clearances 
between dies and plungers must be less than the 
diameter of the smallest particles, or powder 
will squirt out the clearance. It may be said, 
however, on the basis of experience gained in 
commercial production of hundreds of thou- 
sands of parts, that these limitations now offer 
no serious trouble up to 6 in. diameter and the 


same depth. 


Can Be Sprayed or Painted 


Finally, it may be mentioned that powdered 
metal has been sprayed or painted on surfaces 
with an easily combustible hydrocarbon and 
then processed in various ways. A recently de- 
veloped welding rod, made of 1!2‘. manganese 
steel with powdered nickel sprayed on the sur- 
face, may be cited. Powdered chromium, used 
as a mold wash, gives cast iron with a hard 
corrosion-resisting skin. Zine or other corro- 
sion-resisting metal has been sprayed on steel 
sheet, then heat treated to burn off the binder 
and weld the particles together and to the base 
metal, and the whole thing rolled to consolidate 
and smooth the coating. 

It may conservatively be estimated that the 
present rate of consumption of powdered metal 
for synthetic alloying and manufact.re of 
pressed parts is on the order of 100 tons per 
month. It is true that the powdered metals sell 
at a considerable premium over the purest vari- 
eties in ingot form, but nevertheless the articles 
made are selling at a competitive price. Since 
new uses are being added continually, and the 
consumption correspondingly increasing, the 
production of metal powders at still lower 
prices is only a question of time. Every cent 
per pound reduction will increase the field of 


application enormously. 
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